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PRIMARY CARCINOMA OF THE LUNG! 
JAMES ALEXANDER MILLER anv OSWALD R. JONES 


It is our purpose to present the clinical aspects of primary carcinoma 
of the lung, a condition which may more properly be designated as 
primary bronchial carcinoma. 

We shall not include in our consideration sarcoma of the lung, the so 
called endothelioma of the pleura, the tumors of various kinds which 
have their primary origin in the mediastinum, or the secondary metas- 
tases to the lung from tumors elsewhere in the body. 

As a basis for this study, we have reviewed the literature on the subject 
from the year 1911 up to the present time, and are also presenting 32 
definitely substantiated cases of our own, which are now recorded for 
the first time. 


HISTORICAL 


Pulmonary cancer was almost an unknown entity until the 19th century, when 
it was recognized with the development of studies in pathological anatomy. 
Morgagni (1) was the first writer in whose notes we find mention of these 
pulmonary tumors. He described the findings and autopsy in the case of a 
man, 66 years old, in whom the lungs were found matted together with the 
pleura and the mediastinum. Morgagni described this and other similar 
cases in 1766, under the name of pleural pneumonia, and did not recognize the 
lesions as those of cancer. 

Bayle (2), in 1810, seems to have been the first one to actually recognize 
pulmonary cancer as such, when he reported three cases under the name of 
phthisie cancereuse. He described two forms of pulmonary cancer, and also 
recognized metastases, expressing the opinion that the majority of pulmonary 
cancers are secondary to tumors of other organs. Clinically Bayle described 
pulmonary cancer as being usually a symptomless condition, the patient having 
some cough and dyspnoea with foetid breath. After Bayle pulmonary cancer 
was described as combined with phthisis and asthma, and for some time 
cancerous phthisis and cancerous asthma became a disputed subject in medical 
literature. 

In 1819 Laennec (3), in his /’Auscultation Mediate, described pulmonary 
cancer as “encephaloid of the lung.” About this time we find pulmonary 
cancer also described as encephaloid of the lung by other authors in various 


1 From the Tuberculosis Division of Bellevue Hospital, New York City. 
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countries: for instance, in England by Langstoff (4), Bright (5), Harrison (6), 
Hughes (7), Taylor (8), Maclachlan (9) and Bell (10) between the years 1820 
and 1840, and in Germany by Herzog (11), Oettinger (12), and others. 

Monographs concerning fungoid diseases of the lungs, which mainly describe 
pulmonary cancer by this term, appeared first at this time. Walshe (13), in 
1843, in his Physical Diagnosis of the Lungs, includes cancer by that name, 
while Kohler (14) published a monograph, Ueber den Lungenkrebs, in 1843. 
Laennec expressed his opinion that a clinical diagnosis of pulmonary cancer _ 
should be revealed by auscultation, but apparently he never made such an 
antemortem diagnosis, and later he restricted the usefulness of his then new 
method of auscultation to tumors about the size of a hen’s egg. 

J. Bell (10) was apparently the first to diagnose pulmonary cancer during 
life from symptoms of dyspnoea, cough, dysphagia, stridor, and pain, in cases 
that were later verified by autopsy. Hughes first mentioned streaked sputum 
as a pathognomonic sign and Graves (15) (Dublin, 1797) was the first to diag- 
nose pulmonary cancer by the discrepancy in physical signs between those 
found in the case in question and those associated with other more usual 
pulmonary conditions. 

Stokes (16) was really the first to use percussion and auscultation for the 
direct demonstration of pulmonary cancer during life. According to this 
author in his book Diseases of the Chest, London, 1837, frequent and severe 
bronchitis, resisting the usual methods of treatment, is suspicious of malignant 
tumor. Diminished and gradually disappearing breath- and voice-sounds 
are the most pathognomonic auscultatory signs, but Stokes considered the best 
diagnostic sign to be flatness and immobility of the lung without auscultatory 
evidence of ulceration. Stokes also described the qualities of the sputum, the 
varices upon the chest and the accompanying empyema, and, in addition, the 
physical signs of mediastinal tumors, and the differential diagnosis between 
these and aneurysm of the aorta. He gave such a full description of the 
clinical diagnosis of pulmonary cancer that the writers following him for some 
years had very little to add to it. 

From the pathological point of view, Bayle, as already noted, divided the 
condition into the diffuse and the nodular forms, and Stokes described the 
isolated encephaloid tumor, the encephaloid degeneration of the entire lung, and 
miliary carcinosis; but it was in 1853 that Virchow (17) published his masterful 
studies of pulmonary tumors, which is the basis of our modern concept of this 
pathological condition. 

Waldeyer (18) first advocated an epithelial origin of pulmonary cancer in 
1870. He was followed by Langhans (19), Chiari (20), Epstein (21), and 
Stilling (22), who showed the origin of pulmonary cancer to be from the 
epithelium of the bronchial mucous glands, while in 1891 Ehrich (23) described 
its origin as from the lining epithelium itself. The dispute between the flat 
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TABLE 1 
Collected autopsy statistics showing the incidence of pulmonary carcinoma 


PER CENT 
PER CENT| PULMO- 
PER CENT PULMO- | NARY CAR- 
CARCINOMA! NARY CAR-| CINOMA 
CINOMA TO ALL 
CARCINOMA 


SECTION 


1906 342 12.8 
1910 470} 17.6 
1915 422 
Katz at Pathological Institute, Heidel- 1920 503 | 14.7 
1923 427 16.8 
1924 477 19.4 
1925 $41 17.0 
1926 559 | 20:2 


6.1 
6.0 
2.9 
9.4 
11.1 
11.8 
8.5 
6.1 


—_ 


1897-1906 
Biberfeld 1907-1916) 36,428 207 
1917-1925 


ALL PER CENT 
CARCINOMA PULMONARY 
SECTIONS CARCINOMA 


1906-1910 265 3 1.13 
1911-1915 389 13 3.34 
Probst at Zurich 1916-1920 392 24 6.12 
1921-1925 502 36 t:17 

1926 119 9 7.56 


PER CENT PULMONARY CAR- 


= CINOMA TO ALL CARCINOMA 


1896-1901 1.97 


; 1902-1907 5.02 
Ferenczy and Matolcsy, University— 1908-1913 6.36 


Pathology, Vienna 1914-1919 10.30 
1920-1925 7.80 
1910-1914 
Berblinger at Jena 1915-1919 
1920-1924 
1920 

Hueck at Leipzig 1921 


1922 
1923 


3 
AUTHOR YEAR 
4.8 
6.0 
6.2 
YEAR 
11.7 
| £1.85 
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epithelial and the cylindrical epithelial origin of pulmonary cancer arose at 
that time, and has been continued down to the present. 

In 1911 Adler made an exhaustive survey of primary carcinoma of the 
lung in his classical publication on this subject, and since that time a great 
many authors have discussed different phases of primary pulmonary neoplasm. 


INCIDENCE 


In recent years much has been written concerning an increase in 
pulmonary cancer following the influenza epidemic of 1918, an increase 
that was actually prophesied as likely by Winternitz (24) and Berblinger 
(25). Itis difficult to prove the truth of this prophecy by statistics, but 
we have collected figures from the best sources available to show the 
incidence of this disease in recent years as demonstrated by necropsy, 
and the autopsy reports from six of the more important contributions to 
the literature of the subject are presented in table 1. 

In this table it will be noted from the reports of Katz (26) from the 
Pathological Institute of Heidelberg and of Probst (27) at Zurich, and 
to a lesser extent from those from Vienna by Ferenczy (28) and Matolscy 
and from Leipzig by Hueck (29), that there appears to be a relative 
increase in the number of pulmonary carcinomata compared with the 
total number of carcinomata found at autopsies in many thousands 
of cases. 

On the other hand, the reports by Biberfeld (30) and Berblinger do not 
indicate any such increased incidence in recent years. Breckwoldt (31) 
in his voluminous statistics from many sources admits an increase only 
for the year 1925, which he claims may be accidental, and he questions 
the value of cancer reports unless such statistics are correlated closely 
with autopsy figures. 

Carman (32) states it to be his belief that cancer of the lung represents 
one per cent of all cancer, and two per cent of deaths from all forms of 
pulmonary disease. 


SEX 


Most authors agree that carcinoma of the lung is much more frequent 
in males than in females. Biberfeld (30) quotes from 600 cases from 
the literature, showing that the incidence in men is three times that in 
women. Breckwoldt (31) showed the proportion to be 3.5: 1 in 1,087 col- 
lected cases. The proportion of 3:1 holds in the series of cases that we 


ourselves report. 
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AGE 


McCrae, e¢ al. (33), state that 91 per cent of all cases of carcinoma of 
the lungs are past 35 years of age. Hanf (34) places the average age at 
50 to 54; the youngest in his series was 17 and the oldest 80 years old. 
In our series the average age was 49 years. 


AETIOLOGY 


Many theories have been advanced to account for the origin of pulmo- 
nary cancer, but little is actually known. Most authors agree in laying 
emphasis upon chronic irritation of the bronchial mucous membrane as 
one of the underlying causes of new growth of the lung, and Menetrier 
believes that no primary lung cancer occurs without the existence of a 
previous chronic inflammation. 

Ewing (35) states that neoplasms of the lung may start from an over- 
growth of a foetal bronchiectasis and from atelectatic pulmonic tissue, 
and he also claims that many may arise from old tuberculous lesions. 
Other authors, such as Askanazy (36) and Winternitz (24), believe that 
influenza is a factor in-the causation of bronchial carcinoma because of 
the metaplasia of the mucosa which is caused by this infection. 

Hampeln (37) in a recent article states his belief that the dust of the 
street is a probable cause of cancer of the lung, and points to Oslo as a 
city which is particularly free from dust and which correspondingly shows 
a very low incidence of primary carcinoma of the lung. Heilman (38) 
agrees with Hampeln that it is the industrial properties and contaminants 
of the air in large cities that are aetiological factors. He explains their 
effect by assuming that the protective action of the ciliated epithelium 
of the bronchi is overwhelmed by the tremendous amount of dust inhaled, 
the dust being taken up by the endothelial cells and deposited in the 
interstitial tissue where it provokes a cellular proliferation. This eventu- 
ally develops into an interstitial pneumonitis, which presses against the 
parenchyma of the lung, causing the alveoli to collapse, and then the 
epithelium becomes cylindrical and cuboidal in form, from which condi- 
tion it is only one step to a further differentiation into adenoma-like 
cellular proliferation. 

In 1885 Friedlaender, as quoted by Berblinger (25), called attention 
to the cancerous metaplasia of bronchiectatic cavities, and Ferenczy and 
Matolcsy (28) reported 282 cases of pulmonary carcinoma, 60 per cent 
of which were in patients of the working classes, and 40 per cent in those 


5 


6 JAMES ALEXANDER MILLER AND OSWALD R. JONES 


engaged in occupations in which damage to the respiratory tract could 
be assumed, such as street-car engineers, carpenters, masons, etc. From- 
mel (39) reports that in 41 cases of pulmonary carcinoma 8 had coexist- 
ing tuberculosis, and 21 showed chronic bronchiectasis, chronic bronchitis 
or emphysema, and he states that the causative action of dust could be 
traced in 29 of these cases. Letulle (40) in 11 cases noted syphilitic 
changes in various organs in 6 of them, while Schwyter reported 6 cases 
of primary carcinoma of the lung arising from congenital malformations. 

From this brief review it is evident that we have a considerable number 
of theories as to the causation of pulmonary carcinoma which have very 
little basis of proved fact. We are inclined to agree with authors such 
as Katz (26) that the metaplasia caused by such coexisting diseases as 
influenza, pneumonia or tuberculosis is only one factor, and that there 
probably are other factors as yet unknown, of which possibly mechanical 
irritation, such as dust, may be a contributing one. 


PATHOLOGY 


Primary carcinoma of the lung may be divided into three main groups, 


as follows: 


1: Carcinoma of the lining epithelium of the bronchi. 
2: Carcinoma of the mucous glands of the bronchi. 
3: Carcinoma arising from the pulmonary alveoli. 


Carcinoma of the lining epithelium of the bronchi seldom produces a 
diffuse tumor of the lung, but usually begins at, or just below, the bifurca- 
tion of the trachea. The bronchial walls are thickened, and their 
parenchyma is invaded. The structure of this type of tumor is that of 
squamous-cell or cylindrical-cell carcinoma. 

Pulmonary carcinoma from the mucous glands leaves the bronchial 
lining relatively intact and spreads through the submucosa, and stenosis, 
rather than dilatation of the bronchi, is the usual result. The paren- 
chyma may be extensively invaded by a tumor of glandular structure in 
the form of nodules. It is frequently complicated by sclerosis, bronchi- 
ectasis, and pleural thickening. The structure of these bronchial 
tumors is that of an adenocarcinoma with small cuboidal or polymorphous 
cells. A secretion of mucus is often a prominent feature and may lead 
to a cystic or gelatinous appearance. ib 

Carcinomata arising from the pulmonary alveoli are either diffuse, or 
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multiple and nodular. The diffuse form is a massive consolidation 
resembling pneumonia. The small nodular form may be difficult to 
distinguish from tuberculosis. The histological structure of the diffuse 
type comprises cuboidal, cylindrical, or flat cells, while that of the nodular 
form is that of papillary projections of cylindrical cells into the dilated 
alveoli. This latter type is rare. 

Primary endothelioma of the lungs has been described, and the litera- 
ture of this condition has been collected by Battaglia. This tumor is 
said to arise from the lymphatic channels and to diffusely infiltrate the 
lung. This must be a very rare condition, and we mention the type 
chiefly because Robinson contends that the so called endotheliomata of 
the pleura are really secondary metastases from unrecognized or latent 
primary carcinoma of the lung. 

A type of primary carcinoma of the lung, called miliary carcinoma, 
has been reported in the literature many times. This type arises from 
the bronchial mucosa, and diffusely metastasizes throughout both lungs. 
Briese (41) recently reported such a case. In our opinion this condition 
is almost always metastatic from tumors elsewhere in the body. 

The great majority of tumors of the lung are bronchial in origin. 
Kikuth (42) reports 179 such cases out of 225: pulmonary neoplasms; 
Materna (43) 17 out of 19 cases, Breckwoldt (30) 36 out of 43, and Sachs 
(44) 34 out of 41 cases of pulmonary carcinoma. 

Many contradictory statistics have been published as to the lung most 
frequently affected. Biberfeld (34) reports the right lung affected in 113 
of 196 cases, and Ferenczy and Matolcsy (28) found the right lung twice. 
as frequently affected as the left in 282 cases. These neoplasms appear 
to affect the upper and lower lobes in equal frequency. 

Grossly, primary carcinoma of the lung may by its growth infiltrate 
simply the lung, or it may also constrict the bronchus, causing secondary 
pathological changes in the lung, such as atelectasis, bronchiectasis, 
necrosis, and pleural thickening. It may be associated with inflam- 
matory changes, such as an exudative pneumonia, or an interstitial 
pneumonitis, and a secondary pleural effusion, either serous, bloody, or 
purulent, is frequent. The tumor growth itself is very apt to become 
secondarily infected and the lung break down into an abscess, or it may 
be retarded in its growth or undergo necrosis by reason of a decrease in the 
blood-supply through collapse of the lung brought about by bronchial 
constriction. These varieties of gross pathological changes have a 
direct bearing upon the clinical phases of pulmonary carcinoma. 
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METASTASES 


Widespread metastases to other parts of the body occur from a primary 
pulmonary carcinoma. Frequently these metastases are discovered 
before the primary tumor is diagnosed. They may occur through either 
the lymph- or the blood-stream. Letulle and Jacquelin (45) in a recent 
article report a primary carcinoma of the lung transmitted from one 
lung to the other by the bronchial route. Parker (46) quotes Hassin as 
saying that, by a retrograde ascent along the perineural lymphatics of 
the cranial nerves, carcinoma of the lung can reach the subdural and 
subarachnoid spaces by starting from the lymphatic spaces of the neck. 


TABLE 2 
Frequency of metastases occurring in primary carcinoma of the lung in 808 collected cases 


ORGANS NUMBER OF CASES PERCENTAGE 


285 
245 


Pancreas 


Thyroid 
Spleen 
Muscles 


248 
173 
122 
88 
79 
77 
22 
12 
9 

8 

6 

2 


NN 


In other cases the route may be along the periarterial and peribronchial 
lymphatics into the blood-stream. 

Table 2 shows the location of metastases from primary bronchial 
carcinoma in 808 collected cases from the literature. From this it will 
be noted that the more frequent sites of metastases are the pleura, the 
liver, the regional and remote lymph nodes, other parts of the lungs, and 
the kidneys. From the clinical point of view emphasis should be placed 
upon the frequency of metastases to the bone and to the brain, although 
this point is not well brought out in this particular series. Nevertheless, 
Dosquet (47) found metastases to the brain in 33 per cent of 105 cases 
autopsied, Fried (48) reported 8 out of 11 cases with metastases to the 
brain, and Weller (49) 12 brain metastases in 89 cases. 


8 

Lymph nodes (regional and remote).................. 30.0 
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Materna (49) laid particular stress on metastases to the bones. He 
found them present in 33 per cent of his series of nineteen. Kikuth (42) 
stated that the short bones are those most frequently affected, and 
Hirsch and Ryerson (50) recently reported 4 cases of primary carcinoma 
of the lung which showed metastases to the bone to be the most fre- 
quent symptom. 


CLINICAL MANIFESTATIONS 


The symptoms of cancer of the lung are frequently very insidious in 
their onset. They may be due to the local lesions in the lungs, which may 
produce cough, thoracic pain, expectoration of various sorts as mucoid, 
mucopurulent and sometimes foetid, or frank haemoptysis, dyspnoea, 
cyanosis, dysphagia, stertor and hoarseness; or the symptoms may be 
dependent upon the systemic effect of the condition which may be mani- 
fested by fever, chills, anorexia, nausea, vomiting, osteoarthropathy, 
weakness, loss of weight or actual cachexia; or, less frequently, the 
presenting symptoms may be those of the metastases, depending on their 
location, particularly those in the central nervous system and thebones, 
of which the most constant symptom is pain. 


Analysis of the Symptoms 


Cough is the most frequent symptom in this condition. Sooner or 
later it is almost universally present, and it is frequently the most early 
symptom. This cough at first may be dry, but later it usually becomes 
productive. 

Sputum: The sputum is not characteristic. It may be very slight and 
mucoid or’ mucopurulent, or it may be profuse, purulent and foul. 
Sometimes it is of the currant-jelly type. 

Haemopftysis is a very frequent and important symptom. It is present 
in more than 50 per cent of the cases. It may vary in amount from 
slight streaking of the sputum to very severe haemorrhages. Two of 
our cases died from an overwhelming haemoptysis. Persistent slight 
bleeding at frequent intervals is a most suspicious symptom. 

Dyspnoea occurs in 50 per cent of the cases. There seems to be a dis- 
agreement in the literature as to whether it occurs early or late in the 
disease. Fishberg (51) believes it to be early, while Barron (52) and 
Carman (32) state that it is a late manifestation. It is our belief that 
slight dyspnoea is present in the early stages, sometimes easily over- 
looked, but as the disease progresses it becomes a very constant occur- 
rence, and is often a very distressing part of the picture. 
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Pain in the chest is a very uniform accompaniment of the disease. 
All authors believe that, next to cough, it is the most common symptom 
of primary carcinoma of the lung. It is interesting to note that, on the 
contrary, secondary metastases to the lung rarely cause pain. The pain 
in primary bronchial carcinoma is often associated with definite tender- 
ness, particularly when the pleura is involved. 

Cyanosts, stridor, hoarseness and dysphagia are symptoms usually 
arising from involvement of the mediastinal lymph nodes late in the 
disease. ‘These symptoms may occur early, but only in a small percent- 
age of cases. 

Of the symptoms dependent upon the systemic effect of primary 
bronchial carcinoma, the most common is fever. Cottin and Cramer (53) 
found it present in 19 out of 24 cases, Cramer and Saloz (54) in 50 per 
cent, while Kikuth (42) reports on the contrary only 36 cases of fever out 
of a total of 246. It is important to emphasize this symptom for the 
reason that fever associated with inflammatory changes in or about the 
tumor will frequently mask the condition and lead to a diagnosis of an 
infection rather than of neoplasm. 

Loss of weight and weakness gradually occur in all cases, but it is our 
experience that they do not show themselves early in the disease. 

Cachexia in the same way occurs late in the disease, and never becomes 
the important feature that it does in cancer of other parts of the body. 

Osteoarthritic changes in the extremities, particularly the fingers, are 
not infrequent in carcinoma of the lung. Grueter (55) quotes Sauer- 
bruch, and agrees with him that clubbed fingers occur early in pulmonary 
carcinoma. We cannot verify this statement, either from a search of the 
literature or from our own experience. It certainly does occur in some 
cases, but we are not impressed by the fact that it is an early manifesta- 
tion. Periosteitis of the long bones may occasionally occur. 

Chills, anorexia, nausea and vomiting occur in a small percentage of 
cases associated usually with fever. 

The symptoms due to metastases may be those of mediastinal involve- 
ment, such as stridor, cyanosis or dysphagia, or of pains in the bones, 
particularly the infiltrated ribs and the bones of the skull, or there may 
be signs of a brain tumor, or even of a peripheral neuritis, as in the case 
reported by Weller (49), who states that pains in the bones are due 
often to lymphogenous metastases along the nerves forming the lumbo- 
sacral plexus. Inasmuch as the chief symptom of such metastases is 
pain, careful study of localized pain in any portion of the body should be 


% 


PRIMARY CARCINOMA OF LUNG 11 


made in the course of any chronic pulmonary condition which may lead 
to a correct diagnosis of the original lung lesion. 


PHYSICAL SIGNS 


The physical signs of pulmonary carcinoma are very varied, and are 
not pathognomonic of the condition. They depend on the size and loca- 
tion of the lesion, but particularly upon associated pathological condi- 
tions. In early cases there may be no physical signs at all. In other 
cases the signs may be simply those of a localized bronchitis simulating 
those of early tuberculosis. As the disease advances and is associated 
with inflammatory change in the surrounding lung we have signs of 
consolidation, with or without rales indicating softening, and a very 
frequent finding is very marked dulness and tenderness over an area in 
which the patient complains of pain, with suppression of the breath- 
sounds and diminished or absent vocal fremitus. 

When the pleura becomes involved we have the ordinary signs of 
thickening of the pleura in the region of the growth, whether in the upper 
or lower lobe, and in some cases the early occurrence of pleural effusion 
masks the underlying lesion by the physical signs of fluid, and when 
obstruction of the bronchus occurs the characteristic signs of atelectasis 
with shifting of the heart and mediastinum toward the affected side 
occur, usually slowly, sometimes quite suddenly. 

In general, we wish to emphasize that the physical signs are not 
characteristic, and that in early cases the diagnosis must often be made 


in their absence. 


Radiographic Signs 


The evidence offered by X-ray of the chest is the most valuable single 
means of determining the presence and location of a pulmonary tumor. 
When such a tumor is in its early stage, and is not associated with many 
secondary pathological changes, the radiographic picture may be quite 
as characteristic as is usually the case in secondary metastases of the 
lung. Such a simple picture, however, rarely occurs, or, if it does, it 
does not persist very long, as secondary changes usually soon complicate 
the picture. The associated pneumonic changes may give a radiographic 
picture very similar to that of acute pneumonia, chronic bronchiectasis, 
pulmonary tuberculosis, or abscess of the lung. The accompanying 
pleural changes are evidenced in the X-ray picture, and in the case of 
effusion may entirely mask the pulmonary lesions. When occlusion of 
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the bronchus occurs, serial X-rays may show its development very 
characteristically, and in the late cases serve as a confirmation of the 
physical findings of this condition. The progress of the disease as 
observed with serial X-rays often affords evidence of extreme value in 
the diagnosis as well as the prognosis of this condition. 

The accompanying illustrations show some of the variations in the 


X-ray findings. 
Laboratory Findings 


If we exclude the sectioning of the tissue which may be obtained 
directly from the tumor or from a metastatic deposit, we find that the 
laboratory aids comparatively little in the diagnosis of this disease. 

Lenhartz (56), Osler (57), and Adler (58) lay stresson thefat-containing 
epithelial cells of large size found in the sputum and pleural exudates. 
We ourselves have not been successful in using these cells as an aid in the 
diagnosis of bronchial carcinoma, but Kikuth (42) reports that he found 
them in 44 out of 246 cases. 

Examinations of the pleural exudate, when it occurs, will sometimes 
reveal tumor cells with typical mitoses which are helpful in diagnosis. 
Mandelbaum (59) at the Mt. Sinai Hospital, New York, reported a 
method of studying these effusions by concentration and fixation 
methods, by which it is claimed possible to recognize a very considerable 
percentage of these cells. In our experience this method has not been 
very helpful, as the typical mitotic figures were distorted or destroyed 
by the manipulation. 

The ordinary clinical examination of the blood reveals nothing typical. 
There may, or may not be, an anaemia. In cases which have fever, or 
in which there is necrosis, there is usually a moderate polynuclear 
leucocytosis. 


Bronchoscopic Examination 


In all cases of chronic pulmonary disease in which the diagnosis is 
obscure, examination by means of the bronchoscope is becoming more and 
more an important factor. It is our rule never to omit this method of 
examination in cases of this sort when the sputum findings are negative 
for tuberculosis and when the age of the patient is 40 or more. The 
diagnosis may be absolutely established by it through the discovery of 
the bronchial tumor, the obtaining of a section of tissue, and the latter’s 
microscopic examination. In other cases in which the section of tissue 
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cannot be satisfactorily obtained, the bronchoscopic picture showing 
distortion or pressure from outside the bronchus may often give informa- 
tion of great value, which, in connection with other evidence, may lead 
to the correct diagnosis. McCrae, ef al. (33), report positive diagnoses of 
bronchial carcinoma as being made by sectioning tissue obtained through 
the bronchoscope in 11 out of 14 cases. In our series of 32 cases, here 
reported, the diagnosis was made in this manner in fifteen. We believe 
that the diagnosis of early bronchial carcinoma can only be positively 
established by this method. 


TYPES OF DISEASE 


The clinical manifestations of bronchial carcinoma are so varied that 
the picture is apt to be a confused one. From our experience, and from 
the literature, we have endeavored to simplify the situation by classifying 
the cases usually encountered into ten clinical types, distinguished by 
their pathology, symptomatology, physical signs, and X-ray and bron- 
choscopic findings. We reproduce schematically the classes of tumor 
represented by each type (figures 1 and 2), together with the X-ray 
pictures of these types as we understand them. 

Type I: This type of tumor is intrabronchial, arises entirely from the 
wall of the bronchus, and is manifested early by cough and blood-spitting. 
Occasionally there is slight dyspnoea. Physical signs are absent, or 
there may be slight signs of bronchial obstruction, as evidenced by 
diminution of the breath-sounds over a lobe or a portion of alobe. The 
X-ray is negative until stenosis of the bronchus, with a diffuse haziness 
of the affected portion of the lung, caused by the occluded bronchus, is 
observed. In serial X-rays one sees a gradual increase in both extent 
and density. The diagnosis is made by bronchoscopic examination. 
Jackson (60) and Orton (61) have each reported such cases, both of them 
operated on and successfully removed through the bronchoscope. 
Metastases may occur in this type, but usually not until the lesion has 
extended, and then the latter is apt to develop into the conditions 
described in one of the other more advanced types. 

The recognition of this early type of disease is extremely important, as 
it is one of the few at the present time amenable to successful treatment. 

Type II: This is the peribronchial form of lesion, later than type I, 
in which there is infiltration commencing in the lining membrane of the 
bronchus and extending out into the parenchyma of the lung. The 
symptoms of this type are cough, haemoptysis, slight dyspnoea, and 
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sometimes fever. The physical signs at this stage are frequently a cough, 
or they may be similar to those of slight tuberculous infiltration or those 
of a beginning bronchial obstruction. The X-ray picture (figure 3) of 
this condition is fairly typical, showing the densities along the roots of 
the lung with radiations out into the parenchyma. The diagnosis of this 
stage can often be confirmed by bronchoscopic examination. 
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Fic. 1. SCHEMATIC REPRESENTATION OF SIX TYPES OF PRIMARY CARCINOMA OF THE LUNG 


Type IIT: This is the solitary, nodular stage, in which the lesion 
consists of a rounded, sharply outlined tumor mass located far out in 
the lung field in the X-ray, or close to, and connected with, the hilum by 
a thin band of infiltrated tissue. The origin of such a tumor may be 
from the bronchial mucosa, or from the alveolar epithelium. 

The history of these cases consists also of slight cough, occasional 
blood-spitting, and sometimes slight shortness of breath. The expectora- 
tion is mucoid or absent. Pain may or may not occur, and is referred 
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to various portions of the chest-wall. Physical signs are usually absent 
unless the mass is close to the visceral pleura and of sufficient size to 
produce physical signs of increased density. The X-ray (figure 4) shows 
a very characteristic picture of a discrete, dense, nodular mass sharply 
differentiated from the surrounding lung field, sometimes connected to 
the hilum structure by small narrow linear striations. 
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Fic. 2. SCHEMATIC REPRESENTATION OF Four TyPES OF PRIMARY CARCINOMA OF THE LUNG 


This type of tumor is quite rare and metastasizes slowly, and most 
of those which show this picture in the X-ray are benign rather than 
malignant. 

Type IV: This is the scirrhous type of disease in the parenchyma of 
the lung, which is occasionally seen. It appears to occur either as a 
result of the infiltration of a lobe by the tumor which becomes collapsed 
through bronchial obstruction, followed by a fibrosis of the parenchyma 
through which run strands of tumor cells, or it may be due to an infiltrat- 
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Fic. 3. PERIBRONCHIAL INFILTRATIVE PHASE 
X-ray of case representing type 2 of our classification 


ing tumor which does not obstruct the bronchus, but causes the produc- 
tion of fibrous-tissue reaction in the lung with resulting shrinking of the 
lobe involved. 
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Fic. 4. SoLtrary NODULAR PHASE 


X-ray of case representing type 3 of our classification 


17 


18 JAMES ALEXANDER MILLER AND OSWALD R. JONES 


This type of tumor is usually an epithelioma, arising either from the 
metaplasia of the bronchial epithelium, or sometimes from an old tubercu- 
lous process. The symptoms in this type are more marked, consisting 
of cough, either dry or productive with a glairy mucus, frequently 
haemoptysis, generally with pain and dyspnoea, and not infrequently 
with fever, loss of weight and weakness. Physical signs usually show a 
retraction of a portion of the chest, particularly if the lesion is situated 


Fic. 5. ScIRRHOUS PHASE 
X-ray of case representing type 4 of our classification 


in the upper lobe, with diminished expansion, very marked dulness to 
flatness with high pitched tubular breathing, or in some cases absence 
of breath-sounds. Rales may or may not be present. The X-ray 
(figure 5)‘shows a dense shadow with a concave lower border that has a 
sharp line of demarcation. By bronchoscopic examination the distor- 
tion of the position and shape of the bronchus may be shown, due to the 
shrinking in the size of the lobe. This type of tumor is of very slow 
growth, metastasizes slowly, and is very frequently mistaken for tubercu- 
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losis. It is a type which might be considered possibly curable by means 
of radical surgery. 

Type V: This is the mediastinal phase of the lesion which is more 
advanced, but of the same nature as that described in type II. It arises 
from the same source, but has progressed further, sometimes without 
symptoms. The more usual symptoms, however, are cough with slight 
expectoration, haemoptysis, usually streaked sputum, and slight dysp- 


Fic. 6. MEDIASTINAL PHASE 


X-ray of case representing type 5 of our classification 


noea. The physical signs are usually found in the interscapular region, 
and consist of slight dulness with diminished breath- and voice-sounds 
and occasionally a few rales. The X-ray (figure 6) is very definite, 
showing a rounded, dense shadow extending out from the hilum, often 
with a zone of lessened density surrounding it due to compression of the 
lung by the lesion. Linear shadows may sometimes be seen extending 
out into the parenchyma from the hilum. Metastases in the regional 
lymph nodes are probably present by the time this stage is present. 
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Type VI: This is a massive-consolidation stage in which the tumor, 
which may be of either bronchial or alveolar origin, usually the former, 
densely infiltrates the entire lobe or a large portion of one lobe. It may 
occur either in the upper or lower lobe. In our series we have examples 
of each. Such a massive invasion as this usually involves the pleura. 

The symptoms associated with it are cough, expectoration, pain, often 
haemoptysis, dyspnoea, and usually fever. The physical signs are very 
similar to those just described in type V, except that rales are more apt 


Fic. 7. MAssivE CONSOLIDATION PHASE 
X-ray of case representing type 6 of our classification 


to be present. The X-ray picture (figure 7) is one which Kerley (62) so 
well described, namely, a lesion usually in the upper lobes, invariably 
limited by the interlobar septa, giving a shadow of a density which rarely 
obscures the ribs, and diminishes in density toward the apex and the 
periphery. The diaphragm is usually high on the affected side. 

The diagnosis in this type may be aided by bronchoscopy or by biopsy 
of a metastatic lymph node, as this type usually shows early metastases. 

Type VII: In this phase we have massive consolidation with abscess- 
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formation. Very similar to the one last described, it has the added 
feature of softening of the tumor-mass from necrosis, with often typical 
X-ray findings indicating a cavity-formation with a fluid-level. The 
tumor is of bronchial or alveolar origin, limited to the lower or upper 
portion of the lung, and has progressed to a point where there is necrosis 
of the central portion. 

The symptoms are cough with very profuse expectoration, often foul, 
almost always septic fever, and frequently pain and haemoptysis, with 
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Fic.,8. MASSIVE CONSOLIDATION PHASE WITH ABSCESS-FORMATION 


X-ray of case representing type 7 of our classification 


progressive loss of weight and strength. Sometimes in these cases the 
picture is that of acute sepsis, and a bacteriaemia may occur, as was the 
case in two of our series. The signs are those of pulmonary abscess, for 
which condition it is often mistaken. There may be dulness to flatness, 
absence of breath-sounds, sometimes amphoric breathing, and usually 
numerous moist rales. If the softened tumor is deep-seated in the lung, 
physical signs may be very scant, the most constant sound being slight 
dulness with diminution of breath-sounds. The X-ray (figure 8) in this 
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type of case shows a dense mass of pulmonary consolidation with a high 
light in the centre, which may or may not show fluid level. 

The diagnosis is made by the clinical course, sometimes by broncho- 
scopic examination and section, or by biopsy from one of the metastases 
which are very frequent. 

Type VIII: This is the bronchial-obstruction stage in which the stem- 
bronchus leading to the lung or one of its lobes is obstructed by the tumor 
mass. The tumor, while arising from the mucosa of the bronchus, by 
its growth obstructs the air-passages. Many pathological changes occur 
in this stage. During the growth of the tumor the bronchus, becoming 
partially obstructed, causes a damming back of the bronchial secretion 
and a resulting bronchiectasis. ‘This is usually associated with thicken- 
ing of the pleura and destruction of the lung parenchyma by necrosis 
simulating a pulmonary abscess. The tumor itself may diffusely infil- 
trate the surrounding lung and it may itself become necrotic. If the 
tumor reaches the pleura this may become thickened or a pleural effusion 
may result. When the bronchus is finally obstructed we have the typical 
picture of massive atelectasis either of the lobe or of the whole lung, and 
the development of this atelectasis can often be watched very accurately 
by means of the X-ray. 

The symptoms in the early part of this phase are cough with expectora- 
tion, often profuse and sometimes foul, haemoptysis, pain associated with 
tenderness, dyspnoea, fever in the later stages, loss of weight, and 
progressive weakness. Physical signs are those of a partial obstruction 
of the bronchus often associated with signs of an infiltrative process 
through the peripheral portion of the lung affected, producing dulness, 
bronchovesicular breathing and moist rales. When the bronchus is 
finally completely obstructed, the patient usually gives the picture of 
marked dyspnoea, distressing cough, often productive of glairy mucus, 
very considerable pain in the chest, and progressive weakness. As the 
lesion progresses, the physical signs become more marked, with atelec- 
tasis; the breath-sounds may be entirely absent, and rales usually 
disappear. If the pleura is involved, and if a nearby patent bronchus 
carries the breath-sounds to the collapsed lung, we will get the so called 
Carnage sign, which is a flatness combined with a peculiar type of tubular 
breathing. The trachea, heart, and diaphragm are all drawn toward 
the lesion; the intercostal spaces are narrowed, and there is a marked 
limitation of that side of the chest. The X-ray (figure 9) shows a dense 
homogeneous shadow, involving either the entire lung or the lobe affected, 
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Itc. 9. BRONCHIAL OBSTRUCTION PHASE 


X-ray of case representing type 8 of our classification 


with deviation of the heart and other mediastinal structures and dia- 
phragm, as indicated by the physical signs. The pulmonary density in 
these cases is not only due to the collapse of the lung tissue, but also to 
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the density of the infiltrating tumor, the collateral inflammation, and 
the pleural thickening of effusion which may be present. Metastases 
are very frequent in this stage. 

Type IX: This is a curious and rather unusual type of primary 
bronchial carcinoma in which the tumor is disseminated along the course 
of the main bronchus in the form of patchy areas of infiltration with 


Fic. 10. PERIBRONCHIAL NODULAR PHASE 


X-ray of case representing type 9 of our classification 


small rather discrete nodules. The origin of this form of tumor is from 
the bronchial mucosa or from the alveolar epithelium. Many of these 
discrete areas shown on the X-ray are probably not tumor areas, but 
areas of surrounding bronchopneumonia and involvement of the pulmo- 
nary and pleural lymphatics. The symptoms are cough, haemoptysis, 
pain, loss of weight, and fever. Physical signs are those of broncho- 
pneumonia of a portion of the lung involved. The X-ray (figure 10) 
shows these numerous small, patchy areas of density along the main- 
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stem bronchus. The diagnosis is often extremely difficult. It is usually 
made by watching the course of the disease, or by biopsy of a metastatic 
lymph node. The bronchoscope is less apt to help in the diagnosis of 
these cases, as they are frequently too far down in the bronchial tree. 

Type X: This type is that of miliary carcinosis in which there are 
small miliary areas of carcinoma distributed throughout both lungs. 
Briese (41) in 1920 reported such a case originating from the bronchial 
epithelium, but in his report there is no definite evidence that it came 
from the bronchus. We have never encountered this type of primary 
neoplasm of the lung, and the literature reveals only a few authentic 
cases. Miliary carcinosis as a secondary phenomenon is quite frequent 
but we are inclined to think that this clinical picture usually, if not 
always, is due to metastases from carcinoma arising elsewhere in the body. 
The physical signs are those of diffuse bronchitis or patchy basal pneu- 
monia. The X-ray shows diffuse discrete areas of density scattered 
throughout both lungs and very closely resembling confluent miliary 
tuberculosis, or, if the areas are larger, it resembles some cases of broncho- 
pneumonia. ‘The diagnosis is usually made at autopsy unless some other 
focus of new growth is found elsewhere than in the lungs. 

We have attempted in the foregoing description of these various 
types to describe the c’inical picture more or less typical for each stage 
of pulmonary carcinoma. We have purposely left out clinical symptoms 
due to metastases, for such symptoms may be associated with any of 
the above-mentioned types. Pleural effusions are not mentioned under 
physical signs, as many of the stages may have pleural involvement with 
resulting effusion, depending on the location, type, and duration of the 
tumor. ‘These effusions occur in a very considerable percentage of cases 
variously reported as between 30 and 50 per cent in the literature. 
Pulmonary osteoarthropathy, as we have noted above, occurs in a small 
percentage of cases, and many authors believe it to be an early symptom, 
but it is our impression that it is more apt to occur in cases in which 
there is considerable destruction of lung tissue, and it may be present in 
any type of clinical picture in which these causative conditions are 
present. It is by no means a pathognomonic sign. While fever as a 
symptom of bronchial carcinoma is not a positive aid to diagnosis, the 
recognition that it so frequently occurs is important in preventing the 
possibility of primary carcinoma of the lung being eliminated from con- 
sideration in cases of chronic pulmonary disease of an obscure nature. 
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DIAGNOSIS 


The diagnosis of primary bronchial carcinoma is very frequently not 
made during life, and less frequently still is it made during the early 
stages of the disease. In general, it may be said that when we are 
confronted with a patient, who is a male of the cancer age, with physical 
signs indicating definite and fairly extensive pulmonic involvement of 
various sorts and degrees, and accompanied by a history of cough, either 
dry or profuse, with haemoptysis, with pain in the chest, and with slight 
progressive loss of weight, associated with suspicious X-ray findings, 
we have to think of the possibility of carcinoma of the Jung, and the first 
step in clearing up the diagnosis should always be a bronchoscopic 
examination. Frequently the diagnosis can only be positively made by 
the occurrence of metastases and their examination by section, or 
at autopsy. 


Early Diagnosis 


The progress of modern surgery is beginning to make the early diag- 
nosis of bronchial carcinoma a matter of serious importance to the life 
of the patient. Up to the present time the prognosis of this condition 


has been a hopeless one, and the matter of diagnosis has been of interest 
from the pathological point of view, but not particularly helpful from 
the standpoint of the patient. We believe that, with the increasing 
emphasis placed upon the occurrence of this disease, an earlier diagnosis 
will be increasingly possible. In the classification we have described, 
under types I, III, and possibly II and IV, an early diagnosis might lead 
to possible radical cure by surgery. In type I this has already been 
achieved by removal of the tumor through the bronchoscope. Very 
great importance, therefore, should be attached to the occurrence of 
slight cough, particularly when associated with recurring streaking of 
the sputum, slight dyspnoea and pain in the chest in men of the cancer 
age, and early X-ray studies combined with bronchoscopic examination 
may in the future lead to definite indications for curative surgical 
procedures. 


Differential Diagnosis 


Our consideration of the differential problems in this disease can be 
best discussed in connection with the various types of the disease which 
we have already described. 

Type I must be differentiated from early tuberculosis, from mitral 
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stenosis, benign tumors of the bronchi, and the ever-occurring class of 
cases with repeated haemoptysis for which no particular cause can be 
found. A careful study of the history, consideration of the age of the 
patient, careful bacteriological examination of the sputum, and particu- 
larly careful studies by X-ray should lead us to suspect the possibility 
of a pulmonary tumor, and in this case bronchoscopic examination should 
reveal its presence in the majority of cases. These cases are usually 
mistaken for tuberculosis. 

Type II is often confused with pulmonary tuberculosis, bronchiectasis, 
and other chronic inflammations of the lung, especially those secondary 
to infection of the upper respiratory tract. Bronchoscopic examination 
will often enable one to obtain a section which will establish the diag- 
nosis. The X-ray picture is sometimes very similar to that of a tubercu- 
losis beginning at the hilum which must be ruled out in the same way as 
in the case of type I. In watching the development of. the case it is to 
be noted that the neoplastic infiltration from the hilum usually extends 
upward rather than outward and downward, as it is more apt to do in 
cases of pulmonary lesions. 

Type III may be confused with benign tumors of the lung, cysts or 
early pulmonary abscess. The clinical course is the best guide we have 
for differential diagnosis. Serial X-ray plates are particularly important. 
Section of the tumor obtained through the bronchoscope may sometimes 
clear up the diagnosis. 

Type IV: This type is most frequently confused with fibrous tubercu- 
losis. As these cases progress and metastasize very slowly, the similarity 
is very striking. Careful study with frequent examinations of thesputum, 
the presence of tuberculous lesions elsewhere in the pulmonary field, or 
the presence of metastases in the case of tumor, may clear up the diag- 
nosis. Bronchoscopic section may sometimes be of aid, but the diagnosis 
is very frequently made only at autopsy. As this type develops and 
metastasizes slowly, its recognition might possibly lead to its cure by 
radical surgery. 

Type V: This tumor is often confused with other lesions involving 
the structures at the root of the lung, particularly with Hodgkin’s 
disease, dermoid cyst, tuberculosis, or lymphosarcoma of the mediastinal 
lymph nodes and aortic aneurysm. The lesions of Hodgkin’s disease, 
tuberculosis, and lymphosarcoma are usually bilateral. Dermoid cysts 
are apt to be discrete, with a sharp line of demarcation and with no 
infiltration along the periphery, and do not change under- observation. 
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Moreover, they are not apt to give many symptoms, unless they become 
infected. Aortic aneurysm may generally be accurately diagnosed by 
the X-ray, including a fluoroscopic examination, together with secondary 
cardiac symptoms, and the presence of a positive Wassermann reaction. 

Type VI: This type may be easily confused with very acute tubercu- 
losis or lobar pneumonia. The clinical course, combined with sputum 
examination and the occurrence of metastases, usually clears up the 
diagnosis after a time in most cases, except in those in which the tumor 
runs over into the type described under type VIII. 

Type VII: In type VII abscess of the lung is very much more likely 
to be diagnosed, and the same reasoning in differential diagnosis should 
be carried out as in the previous type described (VI). 

Type VIII: Many clinical entities are involved in the differential 
diagnosis of this type: pleural effusion, massive pulmonary fibrosis, 
aneurysm of the aorta, foreign bodies of the bronchi, true gumma of 
the bronchus with collapse of the lobe of the lung, and pulmonary abscess. 
Any of these conditions that produce bronchial occlusion will present a 
puzzling picture, and the actual cause of the occlusion is often difficult to 
discover. In the case of aneurysm, the history, combined with cardiac 
signs and a positive Wassermann, should make one lean toward the 
diagnosis of aneurysm rather than that of neoplasm. In cases of pleural 
effusion in carcinoma, the effusion returns rapidly, is very apt to be 
bloody, and occasionally tumor cells may be recognized. The symptoms 
of abscess of the lung and cancer associated with necrosis are very similar 
because actually the two conditions coexist. In this case the cause of 
the abscess must be looked upon as being the tumor, and in cases diag- 
nosed as abscess of the lung the frequency with which carcinoma may 
be its cause, particularly in the older age-period, should not be overlooked. 

Type IX: This curious and unusual form of pulmonary tumor is 
difficult to diagnose. It may be confused with bronchopneumonia, inter- 
stitial pneumonitis, bronchiectasis, and sometimes an accompanying 
pleural effusion will entirely obscure the underlying pathological process 
in the lung. Bronchopneumonia is usually bilateral; tuberculosis must 
be differentiated by the clinical course and sputum examinations and 
examination of the pleural exudate if present; and interstitial pneumonitis 
and bronchiectasis by bronchoscopic section, and also in these cases the 
making of bronchographs after the introduction of lipiodol may be helpful. 

Type X: This type should be distinguished from secondary metas- 
tases, giving the same picture. We have already indicated our belief 
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that most of the cases are really secondary. The X-ray picture very 
closely resembles miliary tuberculosis, but there is less apt to be fever 
in these cases, and the acute symptoms usually associated with miliary 
tuberculosis are not present. Dyspnoea is quite marked. 


PROGNOSIS 


Up to the present time, with an occasional isolated exception such as 
those cases reported cured by bronchoscopic operation, the prognosis in 
pulmonary carcinoma is absolutely bad. We have already indicated 
that it is to be hoped that early diagnosis may offer the opportunity to 
the surgeon of the future to cure some of these cases. The course of 
the disease is quite variable, some of the types we have described being 
much more rapid than others. In general they grow slowly over a 
period of months, and get to a point where they finally present the 
picture of one of the advanced types already described, associated with 
marked dyspnoea, often excruciating pain, progressive weakness, with 
fever, loss of weight, and sooner or later accompanied by the pains due 
to metastases in other parts of the body. 

There is a good deal of difference expressed in the literature by various 
authors concerning the rate of metastasis of primary bronchial carcinoma. 
We believe that this is probably due to the fact that the various clinical 
types have not been sharply differentiated. Among the types which we 
have described, metastasis is relatively slow in types I, II, III and IV, 
and inasmuch as these types are the ones for which, theoretically, some- 
thing might be done in the way of treatment, their early recognition 
becomes particularly important. In general, however, at the present 
time the prognosis of pulmonary carcinoma must be summed up as 
being uniformly bad, varying only in the duration of time before the 
inevitable result occurs, usually from three to fourteen months after the. 
appearance of definite symptoms. 


TREATMENT 


At the present time we know very little that is helpful in the treatment 
of carcinoma of the lung. 
Preventive Treatment 
This would be the form appealing as most helpful if we knew more 
accurately the basic facts in regard to the aetiology of the disease. It 


would appear wise to consider preéxisting infections in the lung as defi- 
nitely predisposing to this condition in other people, and more careful 
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study of such cases would perhaps lead to earlier diagnosis. Possibly 
better treatment of such chronic infections as pulmonary abscess, bron- 
chiectasis and tuberculosis might prevent some cases from developing 
into carcinoma. The possibilities of safeguarding older patients, par- 
ticularly those suffering from chronic respiratory infections, from the 
irritating action of dust might theoretically be of value. The main 
treatment at the present time is symptomatic. Concerning this little 
need be said. Needless to say, after the diagnosis is accurately estab- 
lished, anything which makes the patient more comfortable, even to the 
free administration of opiates if necessary, should not be withheld. 


X-ray Treatment 


With the modern advocacy of high-voltage X-ray treatment for other 
forms of cancer, it is quite natural that such treatment for bronchial 
carcinoma should be recommended. We have used it in a considerable 
number of cases, as have many others. We have yet to note any case, 
in which the diagnosis has been absolutely established, that the progress 
of the disease has been arrested by X-ray treatment. In cases which 
have a very considerable amount of pain it is our experience that X-ray 
therapy may sometimes afford relief and in that way palliatethesuffering 
and defer the period during which morphine must be administered. We 
have noted in at least two of our cases very definite changes in the X-ray 
densities with temporary improvement of the symptoms. Whether this 
is due to any change in the tumor itself, or, as is more likely, to the effect 
on the collateral inflammation around the tumor, we are unable to say. 
In one case that was going very rapidly downhill, the X-ray treatments 
appeared to produce a much more chronic condition and the patient 
lived for two years, during which time he attended to a very considerable 
amount of important business. 

It is the general consensus of opinion that, in cases in which there is 
obstruction of the bronchus with atelectasis of the lung, X-ray treatment 
is attended with an aggravation of the symptoms, frequently with high 
temperature reactions and destruction of tissue and with all of the 
symptoms associated with necrosis or abscess-formation. It is our rule 
never to use X-ray treatment in these cases, even for the relief of pain. 


Surgical Treatment: Bronchoscopic - 


We have already frequently mentioned the importance of broncho- 
scopic examination in our study of this disease. We have also mentioned 
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two cases reported by Jackson (60) and Orton (61) in which early tumors 
in the wall of the bronchus were successfully removed. One of these 
cases is reported alive eleven years, the other one four years after opera- 
tion. In cases of bronchial obstruction some symptomatic relief may 
be given, just as is the case in abscess of the lung, but of course such relief 
is temporary when the underlying condition is that of cancer. It is 
quite likely that with the perfection of our diagnoses, so that earlier 
cases are recognized, the bronchoscope may more and more play an 
important part in the surgical treatment of some of these cases. 


Radical Surgery 


Thoracic surgeons are making great progress in technique, diminishing 
the hazard of extirpation of portions of the lung. Lobectomy for such 
conditions as interstitial pneumonitis, bronchiectasis, chronic abscess of 
the lung, is now performed quite frequently and successfully. It is 
our firm belief that the time is coming when radical surgery will be able 
to cure cases of bronchial carcinoma if only they are recognized early 
enough. Harrington (63) at the Mayo Clinic has recently reported on 
the surgical treatment in 8 cases of bronchial carcinomata, and here and 
there thoracic surgeons are occasionally attempting to operate on these 
cases, some of them with success. As internists we think our share of 
this problem is to endeavor to make our diagnoses more and more early, 
and particularly to recognize those types of cases in which the surgeon 
may have a reasonable hope of extirpating the lesion before metastases 
have occurred. 

It is not too much to hope or to expect that the next twenty years will 
show a very remarkable advance in the surgical treatment of some types 
of this disease, but this advance will only occur when our methods of 
early diagnosis are perfected and cases suitable for operation are recog- 
nized before it is too late. 


REPORT OF CASES 


The following is a report of the summaries of the 32 cases which have 
been collected from our service at Bellevue Hospital and from private 
practice. These cases have been observed during the past six years and 
the diagnosis in each substantiated by either bronchoscopic or post- 
mortem section. 

In addition to these proved cases we have made the clinical diagnosis 
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of primary bronchial carcinoma in over 100 other cases in which we were 
unable to obtain a section of tissue. 
This experience is testimony to the relative frequency of this condition. 


Summary of 32 Cases of Proved Bronchial Carcinoma 


Males 24, or 75 per cent. 

Females 8, or 25 per cent. 

Fourteen cases, or 49 per cent, gave lung history. 

Cough: 30, or 93 per cent. 

Expectoration: Slight in 17, or 53 per cent; profuse in 10, or 31 per cent; none 
in 5, or 16 per cent. 

Haemoptysis in 20, or 62 per cent. 

Pain in chest in 20, or 62 per cent. 

Dyspnoea in 21, or 65 per cent. 

Loss of weight in 25, or 78 percent. (Usually moderate, 10 to 15 pounds.) 

Weakness in 30, or 93 per cent. 

Anorexia in 26, or 81 per cent. 

Tenderness in 6, or 18 per cent. 

Right lung involved in 20, or 62 per cent. 

Fever in 24, or 75 per cent. 

Clubbed fingers in 13, or 41 per cent. 

Leucocytosis, slight, in 18, or 56 per cent. 

Pleural effusion in 6, or 19 per cent. 

Bronchoscopic section proved diagnosis in 15, or 47 per cent. 

Postmortem section proved diagnosis in 17, or 53 per cent. 

Type of tumor: All carcinoma of bronchus. 


The following is the percentage of types according to our classification 
found in the analysis of our 32 cases: 


Type Number of cases Percentage 


ARF ONF NO 


or AP ONT NK 
OO 


Detailed Summaries 


Case 1: W. G., male, janitor, age 70, married, born in Holland, admitted to 
Bellevue Hospital May 3, 1927. Chief Complaint: Cough for three months. 


| 
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Summary of History: The patient had a productive cough for six weeks in 
the summer of 1926, with pain in the right chest and pain across the sternum, 
becoming progressively worse since January, 1927. He has lost 24 pounds in 
six months. He stopped work in January, 1927. He also complains of 
dyspnoea and weakness. He has never been sick before except for one week, 
about two weeks ago, when he had a cold, and was told he had heart trouble. 

Physical Examination: The patient is a well-developed, poorly nourished 
old man, chronically ill. Eyes: The pupils react sluggishly to light and 
accommodation. Neck: There are palpable lymph nodes on both sides of the 
neck. Lungs: On the right side anteriorly there is slight dulness over the entire 
chest, more so within the third and sixth ribs, extending nearly to the anterior 
axillary line. In this area there is diminished tactile fremitus, and diminished 
breath-sounds. Posteriorly, from the fifth to the eighth vertebral space, and 
extending four inches from the spine there is an area of dulness, diminished 
sounds, and tactile fremitus. No rales were present. The left lung is clear. 

The heart-sounds are very faint, and appear normal. The rate is slow and 
irregular. There is a pleural pericardial friction rub best heard over the 
apex. The abdomen shows nothing noteworthy. The impression at this time 
was a tumor of the right lung. Temperature 100.4°, pulse 96, respirations 24. 

Labaratory Findings: X-ray showed a localized mass in the right upper lobe, 
sharply outlined with its pedicle in the mediastinum. The sputum examina- 
tion was negative. The blood examination showed haemoglobin 80 per cent; 
red blood cells 4,000,000; white blood cells 7,600; 80 per cent polynuclears, 
19 per cent lymphocytes, and 1 percent mononuclears. The urine examination 
was negative. 

Fluoroscopy shows a dense, circumscribed mass extending from the right 
hilum, oval in shape, measuring 4 inches in length and 3 inches in width. No 
pulsation was visualized during fluoroscopy. The impression is pulmonary 


neoplasm. 
On July 1, 1927, the patient left against advice and went home. 


Case 2: D. B., laborer, age 45, married, Russian, admitted to Bellevue Hospital 
January 30, 1922. Chief Complaint: Cough, haemoptysis and loss of weight. 
Summary of History: One year ago the patient began to feel weak and tired. 
Six months ago he began to cough blood-streaked sputum occasionally. He 
has lost 12 pounds and has been unable to work for the past twelve months. 
Physical Examination: The patient is a well-developed and nourished adult 
male who does not appear sick. His neck shows posterior cervical lymph 
nodes on the left side. Lungs: On the right side, in the third vertebral space, 
above the first rib, there is diminished breathing. Voice-sounds and tactile 
fremitus are absent. There is dulness with bronchovesicular breathing, and 
sibilant rales throughout the other lobes of the chest. The tentative diagnosis 
is new growth of thelung. Pulse 72, temperature 99°, respirations 18. 
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Laboratory Findings: The blood examination showed 90 per cent haemo- 
globin; red blood cells 5,200,000; white blood cells 8,600; 70 per cent poly- 
nuclears, 27 per cent lymphocytes, 2 per cent transitionals, and 1 per cent 
eosinophiles. The sputum and urine examinations were negative. 

X-ray, February 5, 1922, showed a massive tumor occupying the right upper 
lobe. The tumor had apparently invaded the pleura. There was a localized 
mass at a point about opposite the 8th or 9th rib in the axillary line. 

In order to establish the nature of the pathological changes in the chest, 
pneumothorax of 650 cc. of air was given. X-ray following this showed a 
massive tumor filling the right upper lobe. There was a small air collection 
in the lower part of the right pleural cavity. There was a mass in the soft 
tissues at a point opposite the 8th and 9th ribs in the axillary line. There was 
no bony erosion. 

A thoracoscopic examination done by Dr. Lambert, February 8, 1922, 
showed a mass laterally corresponding to the lower tumor, connected to the 
lung by adhesions. A view of the upper tumor could not be obtained, due to 
the unsuccessful pneumothorax. 

On April 10, 1922, the patient suddenly complained of hemihyperaesthesia 
over the right side of his body. Neurological examination at this time was 
essentially negative, except that the patient was hyperaesthetic over the right 


side. The impression at this time was hyperaesthesia of the right medial 
lemniscus. 

On May 15, 1922, the patient suddenly lapsed into coma, and at times roused 
from this into a state of delirium. Following this he had paralysis of the right 
arm and partial paralysis of the leg, with loss of sensation. He gradually 
became weaker and died. Autopsy showed a carcinoma of the bronchus to 
the right upper lobe. 


Case 3: L. N., dancer, Russian, age 28, married, admitted to Bellevue Hospital 
January 6, 1927. Chief Complaint: Pains in left chest for five months; cough 
for eight months. 

Summary of History: Ten and a half months ago the patient. began to have 
moderate pains down the left arm. Several weeks later she experienced 
considerable pain over the precordium, which was accompanied by some 
malaise and general ill-feeling. She began to cough and became dyspnoeic, 
and was advised by a doctor to stop work. An X-ray picture was taken in 
June, 1926, and the patient was sent away for nine weeks because of possible 
tuberculosis in the chest. She became quite ill in August, 1926, with elevation 
of temperature and a very severe pain in the left lower chest, particularly in 
the axillary line. She went to the hospital for nine weeks, where 400 cc. of 
fluid was aspirated from the left chest. An X-ray was taken of her chest, and 
because of this picture she was given three X-ray treatments. ‘This was in 
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September, 1926, and later, in October, the treatments were repeated with great 
improvement in the pain and in the respiratory distress. Following her last 
X-ray treatment the patient had a slight haemoptysis. She has had frequent 
night-sweats during the present illness. Her appetite has been poor. In the 
past history she had grippe in 1918. 

Physical Examination: The patient is a well-developed and well-nourished 
female who does not appear sick. The left chest is distinctly more prominent 
than theright. The respiratory movements on the right are better than on the 
left. The right lung isclear. The left apex isclear. Extending out from the 
hilum in a fan-shaped way, up to the anterior axillary line, is an area of dulness, 
almost flatness; there are no rales heard over this area. The breath-sounds are 
very much diminished and somewhat bronchial in character. Posteriorly, 
from the third to the sixth vertebral space, there is an area of dulness and 
diminished breath-sounds. No rales are heard. There are palpable lymph 
nodes in both axillae. The impression at this time is new growth of the right 
lung. Temperature 98°, pulse 88, respirations 20. 

Laboratory Findings: The sputum, urine and Wassermann tests were 
negative. 

X-ray Examination: Showed incomplete irregular consolidation of the lower 
portion of the left lung. The left dome of the diaphragm is adherent to the 
parietal pleura. 

A lymph node was excised from the patient’s neck in June, 1927. This 
showed carcinoma of the bronchus. The patient left the hospital against 
advice, and was not followed. 


Case 4: E. Z., policeman, aged 39, married, American. 

Summary of History: The patient has been in Fordham Hospital for past 
seven weeks. He left there, and went to see a local doctor, who, after examin- 
ing him, sent him into the hospital. He was well until three months ago, when 
he got a cold. Since that time has had a slight cough and clearing of throat. 
He brings up about a teaspoonful of non-foul, white sputum daily. He 
has frequent night-sweats and has Jost 20 pounds. Because of gradually 
increasing weakness, he gave up work two months ago. The past history was 
essentially negative. 

Physical Examination: The patient is an adult male, well-developed and 
nourished, not apparently very ill. Thorax: Limitation of movement over the 
right upper chest. Lungs: On the right, anteriorly, from the apex to the 
third interspace there is flatness. Over this area there is bronchoamphoric 
breathing down to the third interspace, and, below this, diminished breathing. 
There are no rales heard over this area. Posteriorly from the apex to the sixth 
vertebral spine there are dulness and bronchoamphoric breathing, but no 
rales. Whispered voice-sounds are increased. The left lung showed no 
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abnormal findings. The heart examination was negative. Extremities: There 
was a tumor, the size of a small lemon, over the middle third of the right 
humerus on the extensor surface. This tumor was tender, did not fluctuate, 
and seemed to be attached to the bone. There was marked clubbing of the 
fingers. Over the anterior surface of the right lower leg, 7 inches below the 
knee-joint, was a reddish tissue-paper scar the size of a dime. The reflexes 
were normal. The impression was new growth of lung, with metastases to the 
bones. Temperature 101°. : 

Laboratory Findings: The sputum was repeatedly negative for tubercle 
bacilli. The Wassermann test was negative. The blood count showed 14,700 
white blood cells, with 76. per cent polynuclears, 18 per cent lymphocytes, and 
6 per cent transitionals. 

X-ray of the right chest showed a dense shadow from the apex to the juncture 
of the lower and middle lobes. The lower margin was definitely outlined from 
the interlobar space. Thebasewasclear. The left lung was clear. 

The patient was bronchoscoped by Dr. Kernan, who reported that the right 
wall of the trachea was pushed in by the outside pressure, giving considerable 
distortion of its lumen. This swelling of the mucosa overhangs the mouth of 
the main right bronchus, making it difficult to insert the bronchoscope. There 
was evidently a tumor in the lung substance making pressure on the trachea. 

The patient was discharged to the Radiotherapy Department for treatment, 
and could not be followed. 


Case 5: M. O., female, housewife, aged 64, American, admitted to Hospital, 
November 15, 1926. Chief Complaint: Haemoptysis on November 14, 1926. 

Summary of History: Patient has not been feeling well since she had some 
teeth extracted three months ago. She has lost about 15 pounds. Appetite 
has become progressively poor. She had a sudden haemorrhage the night 
before admission, consisting of a cupful of bright red blood. The patient has 
had a slight cough for several years. Ten years ago she had a similar haemop- 
tysis; otherwise the past history is negative. 

Physical Examination: The patient is an adult female, apparently chron- 
ically ill. She is fairly well developed and poorly nourished. Lungs: On the 
right anteriorly there is diminished resonance over the entire right chest; 
especially below the fourth rib and in the axilla there are many medium moist 
rales heard, together with markedly diminished breath-sounds. Above the 
third rib are many fine moist rales which are not constant. Posteriorly there 
is diminished resonance throughout the entire chest, more especially below 
the angle of the scapula, and in the axilla the percussion note is almost flat. 
Above the 7th vertebral space the breathing is diminished and from the 7th to 
the 9th vertebral space there is bronchocavernous breathing, combined with 
the post-tussic and many moist rales. The left chest is clear. The heart is 
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displaced to the right; the sounds are of good quality and are regular. The im- 
pression is of a possible new growth in the right lung. Temperature 99° to 
101°, pulse 80, respirations 80. 

Laboratory Findings: The haemoglobin is 70 per cent; red blood cells 
4,000,000; white blood cells 9,200; polynuclears 65 per cent and lymphocytes 
35 per cent. The urine shows a heavy trace of albumin. The sputum was 
repeatedly negative for tubercle bacilli. 

X-ray of the chest showed a very dense shadow with a sharp line of demarca- 
tion at the base involving the upper two-thirds of the right lower lobe. The 
apices are clear. Bronchoscopy was done. In the right main-bronchusof the 
right lower lobe there was a tumor almost pushing into the lumen of the 
bronchus. The surface was rough and vesicular, and had the appearance of a 
carcinoma. 

The patient was allowed to go home and was unable to be followed. 


Case 6: G. D., iceman, aged 51, widower, American, admitted to hospital on 
September 30, 1926. Chief Complaint: Sharp pain across right chest for four 
days, seven weeks ago. 

Summary of History: The patient has had occasional dry cough accom- 
panied with dyspnoea for 7 weeks; about 7 weeks ago he gotacold. Following 
this he had sharp pain across his right anterior and posterior chest which was 
especially marked on coughing. The pain persisted for a few days. Asso- 
ciated with this he had adry cough. He has lost 13 pounds in the last 7 weeks, 
and has become progressively weaker. During the past few years he has had 
sudden attacks of dyspnoea at night, and occasional palpitation with swelling 
of the ankles. The past history was negative. 

Physical Examination: This was negative except for the right lung, which 
showed dulness throughout the upper portion of the right anterior chest, 
associated with absence of breath-sounds in the lower portion and with a 
slight bronchial quality in the upper portion. Posteriorly there was dimin- 
ished resonance to the fourth vertebral spine and diminished breathing. The 
left lung was clear. The impression was that of a possible new growth of the 
right upperlobe. Pulse 78, respirations 18, temperature 100° to 102°. 

Laboratory Findings: The blood count showed white blood cells, 14,300; 
polynuclears 74 per cent and lymphocytes 26 per cent. The Wassermann 
test was negative. The urine was negative. The sputum was repeatedly 
negative for tubercle bacilli. 

X-ray of the chest on October 2, 1926, showed a dense shadow on the right 
side, extending from the apex to the 9th rib posteriorly. A small patch of 
aerated lung was noted at the base. The dome of the diaphragm on the right 
side was visualized, but the costophrenic sinus was obliterated. The 
patient was bronchoscoped. A 9-mm. bronchoscopic tube was passed down 
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into the right main-bronchus. This bronchus was much depressed at its 
entrance by a mass pressing against it from outside. About oneinch down from 
the bifurcation the lumen was constricted to the sizeof 3cm. The wall in this 
area was ulcerated and covered with a white slough. Section taken at this 
time showed a carcinoma of the bronchus. 

On October 7, 1926, the patient suddenly began to have difficulty in breath- 


ing and died. 


Case 7: J. U., laborer, aged 45, married, Austrian, admitted to the Hospital 
on February 25, 1926. Chief Complaint: Productive cough, 4 to 6 ounces 
daily, with pain in the right chest, associated with dyspnoea and night-sweats. 

Summary of History: Patient was well until two years ago when he began to 
have a productive cough of 4 to 6 ounces daily, which was yellow and had no 
odor. One year ago, and again on December 15, 1925, the patient had 
pneumonia. Since the latter attack has had fever, dyspnoea, frequent 
haemoptyses, productive cough, night-sweats, and pain in the right chest. 

Physical Examination: The patient is an acutely and chronically ill male 
aged 45, very dyspnoeic and weak. The chest is fairly developed and formed. 
There is diminished expansion over the right chest. Over the third rib, near 
the costochondral junction on the right, anteriorly, is a fusiform swelling 
involving the rib,—extremely tender. The lungs, right, anteriorly, from the 
apex of the fifth rib, show many diffuse fine moist rales. There is dulness, 
almost flatness, at the base, merging into the liver dulness and out into the 
axilla. Posteriorly there are a few scattered moist rales at the apex to the 
angle of the scapula, and from the angle of the scapula to the base, extending 
around to the axilla; and there is dulness merging into flatness with absent 
breath- and voice-sounds. The left chest is clear. The extremities show 
clubbing of the nails and hands. The impression is that of chronic empyema. 
Temperature 98° to 102°, pulse 92, respirations 22 to 24. 

The sputum was repeatedly negative. The blood examination showed 
haemoglobin 80 per cent; red blood cells 4,000,000; white blood cells 15,200; 
polynuclears 81 per cent, lymphocytes 3 per cent, eosinophiles 8 per cent, and 
basophiles 1 per cent. 

The patient complained of pain on February 26, 1926, over his third rib 
anteriorly. On examination the same swelling as previously mentioned was 
found, but there was crepitation felt over the third costochondral articulation. 
The impression at this time was new growth of the lung and pleura at the right 
base with metastases to the third rib. 

X-ray examination on February 27, 1926, showed an irregular infiltration 
of the right lower lobe with thickening of the entire parietal pleura on the right 
side, most marked at the base. There was a small, encapsulated effusion at the 
right costophrenic sinus. The impression was bronchiectasis. 
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On March 4, 1926, the patient was transferred to the surgical ward, and the 
third rib was resected. Subsequent examination of the third rib showed it to be 
a metastatic carcinoma from a primary new growth of the lung. The patient 
was discharged to his home and the subsequent course was not followed. 


Case 8: L. M., male, aged 48, Irish, postman, admitted to Hospital on Decem- 
ber 1,1927. Chief Complaint: Progressive weakness for six months. 

Summary of History: Patient has been well up to six months ago, when he 
began to cough at night and be short of breath. He went to a hospital clinic, 
where he was told he had bronchitis. He was treated for four months, but 
became worse, his dyspnoea and weakness increasing. He consulted his own 
doctor, who thought he was running a nightly elevation of temperature. He 
entered the wards of a general hospital, where he was found to have pleurisy 
with effusion of the left side. He was tapped and bloody fluid was obtained. 
He was told he had tuberculosis. He lost 32 pounds in six months. 

Physical examination showed a thin, pale, weak man. On both sides of the 
neck were small hard, shotty cervical lymph nodes. There were signs of fluid 
of the left base, from the angle of the scapula down. 

X-ray showed a dense shadow involving the left lower lobe from the angle of 
the scapula to the base. The impression was pleurisy with effusion. 

His condition became progressively weaker on bed-rest, and primary car- 


cinoma of the lung was suggested. A biopsy of one of the enlarged cervical 
lymph nodes was done. This on section revealed carcinoma secondary to 
carcinoma of the bronchus. The patient remained in the Hospital for five 
months, and subsequently died, at which time the diagnosis was corroborated. 


Case 9: M. M., laborer, aged 41, married, Polish, admitted November 3, 1924. 
Patient was in hospital on November 3, 1924, and February 19, 1925, with a 
diagnosis of lung abscess. On discharge he went to the country and remained 
there until July, 1925, when he developed a swelling over the right ankle and 
began to lose weight and strength. 

Physical examination showed an emaciated white male, with an appearance 
of being acutely and seriously ill. Head: In the region of the sagittal and 
coronal sutures there was a round, elevated area, 12 cm. in diameter. Neck: 
The trachea was deviated to the right. Chest: The left chest showed dulness 
in the left lower lobe from the fourth to the 8th vertebral spaces, associated 
with absent breath-sounds and a few moist rales. The right chest was nega- 
tive. The heart showed distant sounds, butnomurmurs. Extremities: There 
was marked clubbing of the fingers. Over the right ankle, just above the 
internal malleolus, was a swelling extremely painful to the touch. Over the 
9th vertebral spine posteriorly was a similar hard painful swelling. The im- 
pression was carcinoma of the lung with metastases to the bones. Tempera- 
ture was subnormal and pulse 96. 
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Laboratory Findings: The blood examination showed haemoglobin 60 per 
cent; red blood cells 3,800,000; white blood cells 20,000; polynuclears 75 per 
cent and lymphocytes 25 per cent. The sputum was repeatedly negative for 
tubercle bacilli, and the urine negative for Bence-Jones protein. 

X-ray showed a large area of consolidation, extending out into the central 
portion of the left lung, and in the middle of this area are several good-sized 
cavities. In the right upper lobe there was a sharply circumscribed cavity at 
the extreme apex with well-marked fibrosis below, extending to the second 
rib in front. 

The patient died on September 30, 1925. Autopsy showed carcinoma of the 
bronchus to the left lower lobe, associated with multiple cavitation. There 
were also subperiosteal metastases to the skull, vertebral spine, 9th rib and 
right tibia. 

Comment: This patient was in the hospital a year previously, and at that 
time had a typical lung abscess of the right upper lobe. This apparently 
cleared up, and he was discharged and was not seen again until his reéntry 
on the above date. This history accounts for the distinct cavity in the right 
apex as noted at the second entry. 


Case 10: E. N., cook, aged 36, single, Greek, admitted May 29, 1922. Chief 


Complaint: Loss of weight and cough. 

Summary of History: Patient has been coughing continuously for five weeks, 
especially at night, when he would raise a considerable amount of purulent 
sputum, which, however, had no odor. The total expectoration in 24 hours 
was about half a cupful. Two days before admission he coughed up several 
tablespoonfuls of bright red blood. ‘This frightened him, and he came to the 
Hospital for relief. He feels extremely weak, and has had sweats and occa- 
sional rises in temperature. 

Physical Examination: Shows a well-nourished and developed white male 
appearing chronically ill. Lungs: On the right side there is slight retraction of 
expansion. There is dulness from the third rib to the 6th dorsal spine. 
Over this area there is pure bronchial breathing and increased tactile fremitus. 
There are no rales. The left lung is clear. There is definite clubbing of the 
fingers. ‘The impression is that of chronic lung abscess, right upper lobe. 

Laboratory Findings: White blood cells 14,000; polynuclears 72 per cent 
and lymphocytes 28 per cent. The Wassermann test was positive (++). 
The sputum was negative for tubercle bacilli. The urine was negative. Tem- 
perature 98° to 100°; pulse 80. 

X-ray of the chest on June 2, 1922, showed complete consolidation of the 
right upper lobe, being limited at its lower margin by the interlobar fissure. 
There was no evidence of cavity-formation. Because of the shadow in the right 
upper lobe, pneumothorax was suggested in order to outline the limits of the 
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tumor. This was done on June 8, 1922, but with little success. The patient 
became progressively worse, and died on August 30, 1922. Autopsy showed 
primary carcinoma of the lung involving the right upper lobe. 


Case 11: W. M., male, reporter, single, age 57, American, admitted to Hospital 
August 9, 1925. Chief Complaint: Weakness, cough and loss of weight. 

Summary of History: The patient has had a productive cough for the last 
few years, and has been unable to work part of this time because of extreme 
weakness. He held his weight until six weeks ago, when he began to lose and 
has continued to do so. He has had increasing weakness during the past six 
weeks, during which time his cough has become worse. He has occasional 
blood-streaked sputum. He has been dyspnoeic for the past six weeks on 
climbing stairs. Past history reveals influenza in 1917. 

Physical Examination: Showed a well-developed, fairly well-nourished, 
tall white male, not appearing acutely ill. Head is essentially negative. 
Chest is well developed and well formed. The right chest is limited in motion. 
Over the upper half of the right side of the chest the note is dull; breath-sounds 
are definitely diminished, and over this area are many scattered fine rales. 
The left chest is essentially negative. Pulse 72, respirations 18, temperature 
98° to 101°. 

Laboratory Findings: Examination of the blood showed 13,400 white blood 
cells, with 76 per cent polynuclears and 24 per cent lymphocytes. Thesputum, 
urine and Wassermann test were negative. 

On July 8, 1925, X-ray showed a dense consolidation of the right upper lobe. 
The left lung is clear. These findings are strongly suggestive of pulmonary 
neoplasm, probably bronchial in origin. 

Bronchoscopic examination on July 16, 1925, showed the trachea apparently 
shifted to the right. The mucous membrane of the right main-bronchus was 
thickened and oedematous, and bled very quickly with the passage of the 7- 
mm. bronchoscope. No mass was seen. There was no unusual amount of 
secretion. 

The patient remained in the hospital, growing progressively weaker, and 
having recurrent haemoptyses, the last of which was an exsanguinating one. 
He died on May 28, 1926. Autopsy showed an epithelioma of the bronchus of 
the right upper lobe. 


Case 12: I. M., Housewife, female, widow, Russian, aged 40, admitted to 
Hospital May 10, 1923. Chief Complaint: Pain in chest and hoarseness for 
nine months. 

Summary of History: This patient has always been well, but had a cough for 
one month ten months ago, followed by pain in left chest. She has had loss of 
weight, with increasing weakness and shortness of breath. The weakness has 
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increased during the past five months. She has had no fever, chills or haemop- 
tyses, but has had night-sweats. The pain has been constant and always 
limited to the left side of the chest. 

Physical Examination: The patient is an emaciated, cachectic, chronically 
ill middle-aged white woman. Head is essentially negative. Chest: The left 
chest shows flatness anteriorly from the apex to the fourth rib, particularly 
below the area. There is bronchovesicular breathing over the flat area asso- 
ciated with many medium moist rales. Posteriorly there is flatness over most 
of the left chest, bronchial breathing to the angle of the scapula and diminished 
sounds below this area. The heart and trachea are deviated to the right. 
The right side of the chest is markedly hyperresonant with exaggerated 
breath-sounds. The impression is that of primary tumor of the lung. Tem- 
perature 99°, pulse 84, respirations 24. 

Laboratory Findings: The blood examination showed 12,200 white blood 
cells; polynuclears 78 per cent, lymphocytes 21 per cent and transitionals 1 
per cent; haemoglobin 85 per cent; red blood cells 4,000,000. The urine and 
Wassermann tests were negative. The sputum was negative for tubercle 
bacilli. 

X-ray on May 15, 1923, showed a dense consolidation of the entire left 


lung. There was moderate retraction of the chest-wall, and displacement of 
of the heart and upper mediastinum to the right. There are numerous infil- 
trated accumulations scattered throughout the rightlung. Thereisnoevidence 
of pleural effusion. 

Diagnosis: Primary carcinoma of the lung with metastases. 

The patient was discharged to the Metropolitan Hospital, and subsequently 
lost sight of. 


Case 13: O. L., laboratory worker, aged 50, male, married, German. 
Admitted to Hospital on January 14, 1928, in a delirious condition, and unable 
to give any history. 

Physical Examination: The patient is an acutely ill, dyspnoeic male, lying 
inbed. yes: Pupils are contracted and react sluggishly to light. Neck: The 
trachea is deviated to the left. Chest: There is limitation of motion of the 
right chest. Lungs: The right anteriorly is flat to the 2nd rib, with absent 
fremitus and breath-sounds. Above the 2nd rib there is hyperresonance, with 
numerous moist rales. Posteriorly there is flatness to the spine of the scapula, 
absent fremitus and breatli-sounds. Above this there is hyperresonance with 
many fine moist rales. The left chest is essentially negative. The impression 
is that of a neoplasm of the lung. Temperature 100°, pulse 142, respirations 28. 

Laboratory Findings: Examination of the blood showed 20,700 white blood 
cells; 90 per cent polynuclears, lymphocytes 7 per cent and transitionals 3 per 
cent. 
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The patient became progressively worse and died on January 18, 1928. 
Autopsy showed primary carcinoma of the right stem-bronchus with atelectasis 
of the right lung. ' 


Case 14: J. N., carpenter, married, American, admitted to Hospital on January 
19,1923. Chief Complaint: Cough. 

Summary of History: Patient had been on the tuberculosis ward in Novem- 
ber, 1921, and at Sea View Hospital for one month following this time. Since 
then he had worked as a carpenter at this institution. His cough has grown 
worse during the last six months, and has sometimes become productive. He 
has lost 14 pounds during this time. He has a feeling of soreness throughout 
the right chest. 

Physical Examination: A well-developed man of middle age, cyanotic, 
becoming dyspnoeic on exertion, with persistent cough. Lungs: On the right 
there are dulness and almost complete suppression of breath-sounds with no 
change in fremitus or voice. Above the 5th vertebral spine there is distant 
bronchovesicular breathing. Anteriorly there is dulness one inch to the right 
of the sternum in the 2nd interspace. There is bronchovesicular breathing 
above the 3rd rib. On the left side there are resonance and bronchovesicular 
breathing over the apex. No rales are heard. The breath-sounds are pos- 
sibly somewhat exaggerated. The heart is negative. There is marked 
cyanosis of the extremities. The impression is that of a new growth of the 
upper lobe of the right lung. Pulse 76, temperature 98°, respirations 18. 

Laboratory Findings: Examination of the blood showed 65 per cent haemo- 
globin; red blood cells 4,800,000; white blood cells 17,000; polynuclears 78 
per cent and lymphocytes 22 per cent. The sputum, urine and Wassermann 
test were negative. 

X-ray examination on January 26, 1923, showed a large tumor springing 
from the inferior portion of the posterior mediastinum, extending on the right 
side in proximity with the diaphragm. It is nonpulsating and dense, exerting 
pressure on the trachea of the right upper lobe, but not displacing the heart. 
It displaces the oesophagus forward. In the right upper lobe there are several 
small scattered nodules. There is a small effusion in the costophrenic angle of 
the right pleural cavity. Dzagnosis: Lung tumor. 

Because of the definite clinical evidence in favor of a primary carcinoma of 
the lung, the patient was given X-ray treatment with no relief, and was finally 
transferred to another institution. Subsequent data could not be obtained. 


Case 15: B. G., houseworker, married, Russian, aged 67, female, admitted to 
Hospital October 3, 1923. Chief Complaint: Shortness of breath, 9 weeks. 

Summary of History: History obtained through an interpreter. The onset 
of the present illness began suddenly, with pain in the left chest 11 months 
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ago, associated with slight cough and sputum for past 11 months. The patient 
has lost 12 pounds in this time. There has been no nausea or vomiting, but 
marked weakness and shortness of breath, and patient can lie only on the left 
side. Appetite is fair. The patient had pneumonia six years ago with full 
recovery, and bronchitis one year ago. 

Physical Examination: The patient is an emaciated, undernourished and 
underdeveloped woman, appearing chronically ill. Lungs: On the right side 
there is dulness from the apex to the angle of the scapula, with hyperresonance 
anteriorly, and diminished breathing posteriorly with many fine sticky rales 
and increased voice-sounds. Anteriorly there are increased voice and fremitus 
with many fine sticky rales down to the 5th rib. On the left side there is 
dulness from the apex of the spine of the scapula to the 3rd rib with exaggerated 
breathing. There are many fine rales anteriorly and posteriorly. The 
abdomen is negative. The impression is that of primary carcinoma of the 
right upper lobe. 

Laboratory Findings: The sputum and urine were negative. Temperature 
98°, pulse 88, respirations 24. 

X-ray showed a dense tumor mass involving the right upper lobe. In the 
left lung there are many small secondary nodules. The impression is primary 
carcinoma of the right upper lobe from the X-ray evidence. 


Case 16: A. K., houseworker, aged 52, single, Polish, female, admitted to 
hospital on November 6, 1923. Chief Complaint: Choking cough for indefinite 
number of years, growing progressively worse. 

Summary of History: The patient has had frequent colds throughout most of 
life, and has had asthma for the past year. She recently had a very severe 
cold in her chest, and a cough which was of a choking nature, and was obliged 
to give up her occupation, which was very hard work. Patient gradually 
became weaker, losing weight, and recently has had occasional attacks of 
haemoptysis and night-sweats. The past history is essentially negative. 

Physical Examination: Shows a fairly well-developed, orthopnoeic elderly 
woman, chronically ill, showing evidence of recent loss of weight. The head is 
essentially negative. The chest is emphysematous in type; the expirations are 
prolonged. Lungs: On the right side there is relative dulness over the entire 
right chest with sonorous and sibilant rales both on expiration and inspiration. 
There are a few medium moist rales between the apex and the 2nd rib and the 
apex and the spine of the scapula. On the left side there is dulness from the 
apex to the 4th rib. The heart, abdomen, and extremities are negative. 
There are two discrete, hard lymph nodes in the right axilla, which are palpable. 
In the left axilla there are lymph nodes similar to those found in the right, 
which are much more numerous and much more easily palpable. The impres- 
sion is that of chronic pulmonary tuberculosis. Temperature 99°, pulse 88, 
respirations 22. 
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Laboratory Findings: Blood examination showed 6,000 white blood cells; 
84 per cent polynuclears and 16 per cent lymphoctytes. 

X-ray on November 8, 1923, showed a fibrosis involving the right upper lobe. 
There is an irregular area of consolidation about the root of the right lung, 
together with congestion of the left upper lobe. The findings are suggestive of 
abscess-formation about the root of the right lung. 

The patient was followed in the wards and during this time became pro- 
gressively weaker, and her breathing became very stertorous. At her own 
suggestion she was transferred to another hospital and her subsequent course 
not followed. The presumptive diagnosis was primary carcinoma of the right 
lung-tree. 


Case 17: J. L., male, painter, aged 40, married, Italian, admitted to Hospital 
on November 26, 1927. Chief Complaint: Cough and expectoration for six 
months. 

Summary of History: Patient was ill with malaria for 42 months, 8 years ago, 
in Sicily. He has been perfectly well since then, until six months ago, when he 
began to complain of cough and expectoration associated with pains in the left 
chest. He went to a hospital where he claims he was examined and no disease 
found. He entered Bellevue for observation. 

Physical Examination: The patient is a well-developed, well-nourished white 
male not appearing acutely ill. Thorax: On the right anteriorly there is supra- 
clavicular and infraclavicular fibrosis, more marked on the right than the left. 
There is slight impairment of resonance over the apex. There are no rales. 
The left chest anteriorly shows no abnormal findings. Posteriorly there is 
dulness from the level of the angle of the scapula to the base with absent 
breath-sounds. There are no rales. There is extreme clubbing of fingers. 
The impression at this time was abscess of the left lower lobe. Temperature 
99°, pulse 84, respirations 20. 

Laboratory Findings: The sputum, urine and Wassermann test were negative. 

X-ray examination on November 22, 1927, showed in the left lung consolida- 
tion of the base with partial obliteration of the diaphragm. The hilum, espe- 
cially on this side, is greatly increased in size. Diagnosis: Carcinoma of the 
bronchus of the left lower lobe. 

Bronchoscopy on December 10, 1927, shows the left main-stem bronchus to 
be definitely constricted and the 7-mm. bronchoscope was passed with difficulty 
beyond the constriction. The impression is carcinoma of the bronchus to the 
left lower lobe. 


Case 18: C. T., elevator man, aged 53, German, admitted to Hospital June 3, 
1921. Chief Complaint: Weakness for four months; pain in back and both 
arms for two days. 
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Summary of History: Four months ago, after having had pneumonia, the 
patient went to work for four weeks and then developed a severe pain in the 
back and arms and had to go to bed. The pains subsided gradually, but he 
noticed he was losing weight and up to the present time has lost 80 pounds. 
He coughs and expectorates very rarely. 

Physical Examination: A very weak underweight male, lying in bed and 
appearing chronically ill. Head is essentially negative. Chest shows marked 
muscular intercostal retraction of the right side, with diminished expansion and 
enlargement of the right lower lateral chest. Lungs: Over the lower half of the 
right chest there is marked flatness with absence of breath-sounds. The left 
lung apparently is clear. The impression is that of a new growth of the pleura. 
Temperature 100°, pulse 86, respirations 20. 

Laboratory Findings: Examination of the blood showed 13,400 white blood 
cells; and 21 per cent lymphocytes and 79 per cent polynuclears. The sputum, 
urine and Wassermann test were negative. 

X-ray of the chest on June 10, 1921, showed a dense shadow involving the 
lower half of the right chest with a sharp horizontal upper level. Fluoroscopy 
showed the same picture, but on movement of the patient there was a distinct 
movement of the fluid. Over the right upper lobe there are numerous areas of 
peribronchial and parenchymal infiltration. The left chest is clear. 

On June 11th an exploratory puncture of the right lower chest obtained 
turbid yellow fluid mixed with air. 

‘X-ray picture on June 13, 1921, showed hydropneumothorax of the right 
lung. It also showed carcinomatous involvement of the bones of the thorax 
and shoulder-girdle. 

The patient became progressively worse, and died on July 1,1921. Autopsy 
showed a carcinoma of the right main-bronchus together with hydropneumo- 


thorax. 


Case 19: C. B., clerk, male, aged 42, single, admitted to Hospital on March 3, 
1926. Chief Complaint: Productive cough for six months, weakness and 
dyspnoea and loss of weight. 

Summary of History: The patient is an adult male, 42 years old, who had a 
chronic productive cough since May, 1925. One month after the onset of this 
cough he had a pain in the chest and back. He went to one of the city clinics 
and was diagnosed as chronic pulmonary tuberculosis and sent to a sanatorium. 
Here he was diagnosed as having lung abscess of the upper lobe, but, as his 
condition became progressively worse and he did not respond to treatment, he 
asked to be transferred to Bellevue Hospital. 

Physical Examination: The patient is very pale and dyspnoeic, and appears 
acutely and seriously ill. Head is essentially negative. Chest: The lungs 
are clear. There are diminished expansion and diminished fremitus over the 
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left lower anterior chest. There is dulness from the apex to the 3rd rib with 
hyperresonance of the base. Over that area there is bronchovesicular breath- 
ing and over other areas absent breath- and voice-sounds. Posteriorly there is 
dulness from the apex to the 5th vertebral spine, together with broncho- 
amphoric breathing and many fine rales. The heart is negative. Tempera- 
ture 97°, pulse 96, respirations 24. 

Laboratory Findings: Examination of the blood showed 112,000 white blood 
cells; polynuclears 83 per cent, lymphocytes 12 per cent and mononuclears 5 
percent. The sputum, urine and Wassermann test were negative. 

X-ray examination shows a dense shadow involving the left upper lobe with 
a circumscribed area of cavitation. 

The patient became progressively worse, and died on March 11,1926. A 
section of the base of the tumor removed from the left lung after death showed 
primary carcinoma of the left bronchus. 


Case 20: Roumanian, male, aged 44. Chief Complaint: Burning sensation of 
the right foot for four months. Swelling of the right leg and both hands and 
fore-arms for one week. Cough for two years; spitting for one year. 

Summary of History: The patient has had burning of the right foot for four 
months, and swelling of the ankle to nearly twice its size on and off for one 
week. The fingertips of both hands have been sore occasionally for four 
months. One week ago arms began to swell up to about one and a half their 
normal size. The patient has had some fever associated with night-sweats. 
There has been no loss of weight. He has had a chronic cough for two years. 
He raised rust-streaked sputum for four years, up to four months ago, since 
which time the sputum has been clear. 

Physical Examination: The patient is a middle-aged, fairly well-developed, 
chronically ill male. Head is essentially negative. Chest: There is marked 
tenderness over the 6th and 7th ribs anteriorly of the left chest, in which areas 
the ribs appear to be thickened and irregular in contour. The lungs show no 
physical signs. The heart is negative. The abdomen is negative. The 
extremities show marked tenderness over the right tibia throughout its entire 
length and over the lower portions of both femora. There is marked clubbing 
of fingers and toes.. The impression is that of syphilitic periostitis. Pulse 72, 
respirations 18, temperature 98° to 101°. 

Laboratory Findings: Examination of the blood showed 85 per cent haemo- 
globin; 4,400,000 red blood cells; 11,400 white blood cells; 63 per cent poly- 
nuclears, 34 per cent lymphocytes and 2 per cent large mononuclears. The 
urine and sputum examinations were negative. The Wassermann was positive 

X-ray examination on January 15, 1923, showed a circumscribed, sharply 
localized mass located in the upper portion of the left lower lobe at a point 
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between the 6th and 8th ribs in the posterior portion of the lung. This mass 
is not surrounded by any area of infiltration and apparently does not connect 
with the bronchus. There isno fluid level. 

The patient gradually became weaker and complained of marked tenderness 
over the long bones. X-ray of these showed definite periosteal thickening 
along the course of the femur, tibia and fibulae. On August 12th the patient 
suddenly lapsed into a semistuporous condition. A spinal tap was done on 
August 13th, when 15 cc. of clear fluid under normal pressure were withdrawn. 
It showed 8 lymphocytes; the spinal fluid Wassermann test was negative; the 
colloidal gold curve was of an irritative type. From this time on the patient 
became worse and lapsed into coma, dying on September 29, 1923. Autopsy 
revealed carcinoma of the bronchus of the left lower lobe, and metastases to 
the brain. 


Case 21: L. W., male, butcher, aged 40, married, American, admitted to 
Hospital on April 15,1925. Chief Complaint: ‘“‘Run-down feeling.” 
Summary of History: The patient felt ‘run down” a year ago. He worked 
until last November, when he consulted his doctor, who said he had tubercu- 
losis. He was sent away to a sanatorium, where pneumothorax was done on 
the right side. He left the sanatorium one week before admission to the 


Hospital because of progressive weakness and entered Bellevue for treatment. 
He had pleurisy on the right side ten years ago. 

Physical Examination: Shows an adult male chronically ill. Head is 
essentially negative. Chest: Over the whole right chest there is a dull tym- 
panitic note together with diminished breath-sounds. On the right side 
posteriorly from the angle of the scapula to the base there is a dull, hyper- 
resonant note with diminished breath-sounds. The heart is displaced to the 
left. Extremities: The nails are curved. ‘The impression is that of thickened 
pleura of the right base. Temperature 99°, pulse 96, respirations 20. 

Laboratory Findings: The sputum, urine and Wassermann test are negative. 

X-ray examination on April 17, 1925, showed incomplete right pneumo- 
thorax, with numerous diaphragmatic adhesions and a very slight degree of 
collapse of the right upper and lower lobes. The heart and mediastinum were 
moderately displaced to the right. 

On April 28, 1925, the patient began to vomit, and became progressively 
weaker. The next day he suddenly had a convulsion, became unconscious, 
extremely cyanosed and dyspnoeic, and suddenly stopped breathing. Autopsy 
showed primary carcinoma of the bronchus of the right lower lobe. 


Case 22: F. R., male, laborer, married, aged 49, born in Finland. Admitted 
to hospital on November 13,1924. ChiefComplaint: Cough for 3 years. 
Summary of History: The patient has been having cough and pain in the 
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chest for three years. For the last eight months has had bloody sputum at 
night, and has lost 30 pounds since the onset of the present illness. At times 
he has some fever and night-sweats. He has felt weak for some time. 

Physical Examination: Shows a well-developed, poorly nourished white 
male, 49 years old, lying in bed and breathing with difficulty. He coughs 
frequently, and brings up bright red blood. He appears chronically ill. 
Lungs: There is dulness on the right side from the apex to the 4th rib, with 
prolonged expiration. Posteriorly on the same side there is dulness from the 
spine of the scapula almost to the base, with diminished breath-sounds. Over 
the left side there is dulness in the first interspace with no change in voice- or 
breath-sounds. The heart, abdomen and extremities are negative. The 
diagnosis is chronic pulmonary tuberculosis. Pulse 92, respirations 24, tem- 
perature 99° to 101°. 

Laboratory Findings: Blood examination showed 7,800 leucocytes, with 72 
per cent polynuclears and 28 per cent lymphocytes. The urine and sputum 
were negative. 

X-ray on October 28, 1924, showed consolidation of the right upper lobe 
associated with numerous small cavities. The apex is clear. 

On December 6, 1924, the patient was bronchoscoped. The trachea was 
seen to be displaced to the right, and altered in shape so that the lumen was 
somewhat triangular. The right main-bronchus, just below its origin from the 
trachea, was completely blocked by a mass which appeared to spring from the 
lung wall. A specimen was taken from this area and on section was shown to 
be primary carcinoma of the bronchus. 

On December 16, 1924, the patient suddenly had a massive collapse of the 
right lung caused by complete plugging of the right stem-bronchus. X-ray 
taken at that time showed a diffuse dense shadow involving the entire right 
chest with the retraction of the whole mediastinal contents and trachea into 
that side. The patient became progressively worse after this massive collapse, 
but lived until May 9, 1925, when he died. Autopsy revealed a primary 
epithelioma of the right stem-bronchus with a massive collapse of the right 


lung. 


Case 23: E. B., female, aged 50, housework, married, Irish. Chief Complaint: 
Productive cough for six months. 

Summary of History: The patient was taken sick with grippe on March 16, 
1926. Since then she has had a chronic productive cough which seems worse 
atnight. In July she had blood-streaked sputum for three days. She has had 
some pain in the right chest during the last three months, and her appetite has 
been poor. She has dyspnoea on the slightest exertion, and has lost 20 pounds 
in the past six months. She had pneumonia 18 months ago, and influenza in 
March, 1926. 


50 JAMES ALEXANDER MILLER AND OSWALD R. JONES 


Physical Examination: Shows an adult female, appearing somewhat under- 
nourished. Head is essentially negative. Lungs: On the right anteriorly 
there are diminished resonance above the 2nd rib and a few fine rales. There 
are no abnormal breath-sounds. Below the 3rd rib numerous moist rales are 
heard. Posteriorly there are diminished resonance and fine rales above the 
spine of the scapula, with some dulness, diminished breath-sounds, and a few 
medium moist rales. The left lung is clear. Extremities: There is curving of 
the finger nails. The impression is that of chronic pulmonary tuberculosis. 
Pulse 88, respirations 18, temperature 99° to 100°. 

Laboratory Findings: The sputum was repeatedly negative for tubercle 
bacilli. It averaged 4 ounces a night, and was odorless. Examination ofthe 
blood showed 90 per cent haemoglobin; 4,900,000 red blood cells; 10,600 white 
blood cells; polynuclears 67 per cent and lymphocytes 33 percent. The 
Wassermann test and urine were negative. 

X-ray examination on September 21, 1926, showed in the right lung a dense 
shadow at the base, which obscured the pulmonary markings, the dome of the 
diaphragm and the costophrenic sinus. Dzagnosis: Encapsulated fluid at the 
base of thickened pleura. 

On September 21, 1926, a needle was inserted into the right base and no 
fluid was obtained. On November 6, 1926, the patient was bronchoscoped. 


There was a considerable quantity of non-foul pus coming from the right stem- 
bronchus. This was traced to the lower lobe. The bronchus to this lobe was 
found to be blocked by a mass which appeared to be granulation tissue spring- 
ing from the anterior wall of the bronchus. Section of this tissue revealed 
carcinoma of the main stem-bronchus. The patient was transferred to 
another hospital, where she subsequently died. Autopsy showed primary 
carcinoma of the right lung. 


Case 24: P. F., male, aged 61, carpenter. Chief Complaint: Chronic cough 
for many years; influenza one year before. 

Summary of History: The patient had a cough for six months with profuse 
expectoration and blood-tinged sputum for four months, associated with pain 
in the left chest. He also had marked dyspnoea and loss of weight combined 
with extreme weakness. 

Physical Examination: Nothing noteworthy except for the lungs, which 
showed on the left side, from the apex to the base anteriorly and posteriorly, 
marked dulness with absent breath-sounds. The heart and trachea were 
displaced into the left chest. The right lung was clear. The impression was 
that of massive collapse of the left lung, and possible carcinoma of the left 
main-bronchus. Temperature 100° to 101°, respirations 20, pulse 78. 

Laboratory Findings: Blood examination showed 13,000 leucocytes, with 
98 per cent polynuclears and 2 per cent lymphocytes. The urine, sputum and 
Wassermann test were negative. 
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X-ray examination showed a dense homogeneous shadow throughout the 
left chest. The heart and trachea were retracted into that side. 

The patient became progressively weaker and while in the hospital died; 
autopsy revealed a carcinoma of the left stem-bronchus with metastases to the 


right lung. 


Case 25: P. F. (private patient), garage-worker, male, aged 50, first seen at 
office on December 10, 1923. 

Summary of History: Three years ago the patient had an attack of lobar 
pneumonia in the left lung, from which he recovered and had no trouble until 
last May, when he had pneumonia in his right upper lobe. Since that time his 
cough had persisted and become productive of a bloody expectoration. All 
sputa examined have been negative for tubercle bacilli. 

X-rays taken showed a dense shadow in the right upper lobe. For this 
reason he was sent to a sanatorium, where he remained for five weeks. During 
that time he coughed and expectorated considerably, and also began to spit up 
some blood. For the past three weeks has been spitting blood every day, 
associated with slight fever. He has had some pain in the right chest and 
shoulder. There has been no loss of weight. 

Physical Examination: Nothing noteworthy except for the lungs, which 
give signs of an infiltrative process involving the upper third of the upper right 
lobe. Diagnosis: Carcinoma of the lung. On February 1, 1924, a broncho- 
scopic section revealed the presence of carcinoma of the bronchus to the right 
upper lobe. The subsequent course of the patient was not obtained. 


Case 26: J. C. (private patient), male, aged 42, director, first seen at office on 
April 28, 1925. 

Summary of History: In August, 1924, patient began to lose weight and feel 
sick. In December following this he began to have pains in his back and both 
legs. A diagnosis of chronic arthritis was made at this time, and his infected 
teeth were removed. The pain disappeared. In January X-rays were taken 
of his chest, and a “spot” was found in the right upper lobe. He had no 
temperature at this time, but did have slight cough and expectoration. Five 
days ago he did not feel well, and found, on taking his temperature, that it 
was 101°, which, however, subsided on bed-rest. He has lost 40 pounds in 
two years. The past history is essentially negative except for an attack of 
dry pleurisy on the right side seven years ago. 

Physical examination is negative except for signs of an infiltrative lesion 
involving the upper right lobe. 

X-ray examination showed a dense shadow involving the upper half of the 
right upper lobe; the lower border of this shadow is sharply demarcated by the 
interlobar fissure between the upper and middle lobes. The diagnosis of 
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possible carcinoma of the lung was made, and the patient was referred for 
bronchoscopic examination. This was done, and a mass found obstructing the 
right main-bronchus which had the appearance of carcinoma of the bronchial 
mucosa. 


Case 27: M. K. (private patient), male, aged 57, banker, first seen at office on 
February 26, 1926. 

This patient has been ill for 18 months, complaining of coughing spells, 
especially at night, with a considerable amount of expectoration, which never 
contained any blood, nor did it have any odor. Repeated examination of the 
sputum for tubercle bacilli was negative. He had lost no weight and had no 
fever and no dyspnoea, but complained of pressure in the region over his heart. 

Physical examination was essentially negative except for signs of fluid at the 
right base posteriorly, below the angle of the scapula. 

X-ray showed a dense mass extending from the vertebral column from the 
7th to the 10th vertebra, and infiltrating out into the axilla of the right side. 
The mass was discrete in outline. A diagnosis of possible carcinoma of the 
bronchus was made. The patient was referred for bronchoscopy. On March 
10, 1926, section of the bronchus going to the right lower lobe showed primary 
carcinoma of the bronchus. 


Case 28: Mrs. J. B., female, aged 48, housewife (private patient), seen at office 
on December 7, 1926. 

Summary of History: Two weeks ago, because of feeling tired and because 
of pain in the left side of the chest, the patient consulted a doctor, who made a 
diagnosis of tumor of the lung. She has lost no weight, and has practically no 
cough, but recently has raised some blood-streaked sputum. She has had an 
occasional temperature of 100° in the afternoon during the last two weeks, and 
has been short of breath on exertion. The history is essentially negative. 

In the left lung, extending from the apex to the 5th rib anteriorly, the per- 
cussion note is flat with absent breath-sounds and no rales. 

X-ray showed a pleural density extending from the apex to the 5th rib 
to the left of the heart midway to the axilla. 

A diagnosis of possible tumor of the lung was made, and subsequent broncho- 
scopic examination and section taken from the bronchus to the left upper lobe 
revealed primary carcinoma of the bronchus. 


Case 29: H. G. (private patient), female, 25 years old, no occupation. First 
seen on April 14, 1927. Chief Complaint: In March, 1927, patient suddenly 
spat up a cupful of blood. Patient has not had, nor has any cough expectora- 
tion, orfever. She is slightly short of breath on exertion. 

Physical Examination: Essentially negative. There are no signs in the 
lungs. 
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X-ray revealed a round, discrete nodule, 4 cm. in diameter, situated to the 
right of the sternum in the middle of the right lung-field. A tentative diagnosis 
of tumor of the lung was made, and the patient was referred for bronchoscopy. 
Section taken revealed carcinoma of the bronchus to the right lower lobe. 


Case 30: J. M. L., male (private patient), Jewish, aged 62, travelling-man, 
first seen on March 23, 1929. 

Summary of History: In November, 1928, this patient began to havea slight 
cough and slight shortness of breath, which has gradually increased since that 
time, and the cough has become progressively worse. During the last two 
weeks he has occasionally spat up some blood-tinged sputum. His sputum 
has repeatedly been negative for tubercle bacilli. He has had slight pain in the 
left chest, associated with a considerable amount of wheezing. He has lost 
8 to 10 pounds. 

Physical Examination: Negative except for signs of a bilateral infiltrative 
lesion of both bases. 

X-ray revealed a peribronchial nodular infiltration extending along the 
course of the bronchus to the left lower lobe. A tentative diagnosis of car- 
cinoma of the lung was made and the patient was referred for bronchoscopy. 
This revealed a primary carcinoma of the left stem-bronchus. Subsequently 
the patient developed a pleural effusion in his left chest, and the concentrate of 
the cells obtained from this fluid revealed carcinoma cells on section. He died 
in May, 1929. Postmortem examination was made, and it was found that he 
had a primary carcinoma of the bronchus extending to the left lower lobe. 


Case 31: H. S., male, aged 52, banker (private patient), first seen at office in 
February, 1928. 

Summary of History: For-the past three months the patient noticed that he 
had gradually become short of breath, and associated with this there was pro- 
gressive weakness, and a dry irritative cough. Hehashadnofever. Examina- 
tion by his local doctor was made, and he was advised to take a rest, and has 
done so, but his symptoms have become progressively worse until now he 
is extremely weak and short of breath. His cough is very troublesome. 
Dyspnoea is very marked, especially on exertion. 

Physical Examination: Is essentially negative, except that over his left upper 
lobe, extending from the apex to the 5th rib, the note is flat and the breath- 
sounds are harsh and tubular; there are no rales. Posteriorly there is dulness 
from the apex to the 3rd vertebral space associated with diminished breath- 
sounds. Over this area the patient complains of marked tenderness. 

X-ray revealed a dense shadow extending from the apex to the 5th rib with 
some retraction of the heart and trachea into the left chest. 

A tentative diagnosis of carcinoma of the lung was made at this time and the 
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patient was sent to a hospital for observation. While there his symptoms be- 
came progressively worse. He was allowed to go home and subsequently 


died of an exsanguinating haemorrhage. 


Case 32: A. B., male, Russian, aged 49, no occupation, seen in January, 1918. 

Summary of History: The patient has had a productive cough for six months, 
with blood-tinged sputum for the last five months, associated with pain in the 
right chest and slight dyspnoea. There has been some loss of weight and slight 
fever. 

Physical Examination: Revealed over the right upper lobe marked dulness 
from the 5th rib posteriorly and from the apex to the 5th vertebral spine 
anteriorly, and over this area there are bronchial breathing and many medium 
moist rales. The impression is carcinoma of the right upper lobe. —Tempera- 
ture 100° to 103°, pulse 80, respirations 22. 

Laboratory Findings: Blood examination showed 13,800 leucocytes, with 
86 per cent polynuclears and 14 per cent lymphocytes. Thesputum and urine 
were negative. 

X-ray examination revealed a densely consolidated area involving the upper 
half of the right upper lobe. In the middle of this consolidation was a definite 


abscess with a fluid level. 
The patient became progressively worse and died. Autopsy revealed a 


primary carcinoma of the right stem-bronchus with abscess-formation of the 
right upper lobe. 
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NEOPLASMS OF THE LUNG 


WILLIAM C. VON GLAHN! 


In the past few years the literature concerning neoplasms of the lung 
has become voluminous. The greater number of the articles deal with 
malignant pulmonary tumors, especially carcinoma. The interest in 
the subject is reflected in reports of benign tumors, congenital mal- 
formations and embryonic misplacements, with discussions of their 
possible relation to a later development of malignant tumors. 


BENIGN TUMORS OF THE LUNG 


In any discussion of benign tumor of the lungs, congenital malforma- 
tions and embryonic rests are properly included. 

Congenital cysts are described by Eloesser (1), Schwyter (2), Miller 
(3), and others. Machol (4) and Sato (5) have each reported a case of 
dermoid cyst. Slaughter and Stephens (6) review a case of teratoma 
originating in the interlobar fissure and undergoing malignant changes. 

Esch (7), in a discussion of congenital adenoma, describes a tumor in 
the lung of a child dying very shortly after birth. The tumor was 7 cm. 
in diameter and was composed of branching spaces, some resembling 
bronchi. The larger spaces were lined with a single layer of columnar, 
nonciliated cells, and the smaller with cuboidal epithelium. Esch 
collected 5 other cases from the literature. All were in newborn infants. 

McGlumphy (8) records a special form of chondroma of the lung which 
he believes should be more properly designated hamarioma. He reports 
4 cases and cites the case of Hart. 

These tumors are usually lobulated; they are composed of cartilage 
and, in some instances, myxomatous tissue and fat are present. Be- 
tween the cartilaginous masses are spaces lined with cuboidal or cy- 
lindrical epithelial cells which may be ciliated. Calcium is sometimes 
deposited in the tumors. The tumors are usually small, and occasionally 
multiple. They are situated close to the pleura. 

1 Department of Pathology, College of Physicians and Surgeons, Columbia University, 
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I have seen two of these tumors. Each was present in the lower lobe 
of the left lung. One was in a man (history 56,157, autopsy 9,348) 
who died of cardiac failure. The tumor was firm and lobulated, and 
measured 1.5 cm. in diameter. It was situated 1 cm. below the pleura 
and close to the hilum. The other was 3 cm. beneath the pleura. It 
measured only 4 mm. in diameter. The patient had a scirrhous car- 
cinoma of the stomach with metastases, haemachromatosis, amoebic 
dysentery, chronic pulmonary tuberculosis and tuberculosis of the 
prostate (history 56,806, autopsy 9,391). 

The histological structure of the two tumors was identical. They 
were composed of masses of cartilage and myxomatous tissue separated 
by flattened spaces lined with low columnar epithelium. 

Chondromata are found along the bronchi. They may become 
calcified or ossified. A recent example of chondroadenoma has been re- 
ported by Schwyter (2). Osteoma of the lung is believed to arise from 
the progressive ossification of inflammatory tissue. The process may be 
so extensive a whole lobe is transformed into a bony mass. 


SARCOMA OF THE LUNG 


Sarcomata of the lung are no longer regarded as of common occur- 
rence. More refined histological methods show that many lung tumors 
formerly interpreted as sarcoma are, in reality, atypical carcinomata. 

Glass (9) reports a case of mixed-cell sarcoma which filled practically 
the whole of the left lung. Giant cells were conspicuous. The me- 
diastinum was not involved and there were no metastases. 

Diffuse spindle-cell sarcoma is the best defined type of pulmonary 
sarcoma (Menétrier (10), Ewing(11)). These tumors are usually of large 
size and may obliterate all pulmonary structures. Chondrosarcoma and 
endothelial sarcoma are very rare (Menétrier (10)). 


CARCINOMA OF THE LUNG 


Carcinoma forms the largest group of pulmonary neoplasms. The 
vast literature, especially in the last ten years, is chiefly concerned with 
their incidence and possible causative factors. 


Aetiology 


There have been few attempts to induce pulmonary carcinoma ex- 
perimentally. Kimura (12) found that the intratracheal insufflation of 
tar caused an adenomatous tumor in the lung of a rabbit and an adeno- 
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carcinoma of the lung of a guinea pig. Murphy and Sturm (13) report 
a higher percentage of lung tumors in mice treated with applications of 
tar to the skin than in a control series of older animals. Méller (14) 
records 6 lung tumors in 24 rats following tar applied to the skin. Bonne 
(15) notes a higher percentage of lung tumors in a series of mice after the 
application of tar to the skin but no increase after one intratracheal 
insufflation of a tar mixture. Smith (16), using mice, concluded that the 
inhalation of coal-tar fumes, and exhaust gases from motors and the 
direct application of gasoline to the skin played no part in the formation 
of lung tumors. 

The high frequency of carcinoma of the lung in Schneeberg miners is 
attributed to the inhalation of radioactive dust and radioactive air 
(Rostocki, Saupe and Schmorl (17)). The inhalation of dust from tarred 
roads is believed responsible for pulmonary cancer (Staehelin (18)). The 
overgrowth of epithelium following influenza, the inhalation of irritant 
gases, tobacco smoke and industrial dusts are often mentioned as causes. 
The changes in the lung in chronic tuberculosis have long been believed 
to favor the development of carcinoma. In some statistics the associa- 
tion of pulmonary tuberculosis and lung carcinoma occupy a prominent 
place. Basch (19) reports a case of carcinoma arising in a tuberculous 
cavity. I have seen two examples of pulmonary carcinoma beginning in 
an old tuberculous focus and another about a healed cavity. Sisson and 
Monserrat (20), however, found only one case of primary carcinoma of 
the lung in autopsy material over a period of fifteen years in the Philip- 
pine Islands where the incidence of tuberculosis is high. 

Metaplasia of the bronchial epithelium in chronic bronchitis and 
bronchiectatic cavities is believed to favor the growth of atumor. Ina 
recent series of 26 lung neoplasms Hunt (21) noted a history of influenza 
and bronchitis in the majority of the cases. He could not trace any 
connection between occupation and the tumors. 

Weller (22) believes greater stress should be placed upon intrinsic 
predisposition to the development of carcinoma. 


Sex and Age 


Carcinoma of the lung occurs more frequently in males than females, 
the ratio being about 3 to 1. The incidence is highest between the ages 
of 50 and 70. Cases are described in quite young individuals, and 
Schwyter (2) recently reported an adenocarcinoma with metastases in 
a girl of 16 months. 
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Pathology 


A bronchus is the most common site of carcinoma, and the primary 
bronchus is frequently the seat of origin of the tumor. The left lung is 
slightly less often involved than the right. 

The usual sources from which the tumors arise are bronchial and 
alveolar epithelium and bronchial glands. Mucin in the broncho- 
genic tumors suggests an origin from the glands, but the presence of 
goblet cells in the normal mucosa does not permit a positive statement 
that all mucin-containing tumors are of glandular origin. Some of the 
bronchial carcinomata are composed of squamous epithelium. These 
tumors are usually solid and may have arisen in a focus where metaplasia 
of the epithelium existed or the tumor cells may have acquired this 
characteristic. Pleomorphism of the cells in lung carcinoma is at times 
marked. 

The tumors springing from the alveolar epithelium may be diffuse, 
producing a lesion resembling the stage of grey hepatization of lobar 
pneumonia. The structure of the lung may not be obliterated. Multiple 
nodules, suggesting a multicentric origin, are described in this type of 
neoplasm. Quite probably many of the nodules are metastatic from the 
primary tumor. 

The metastases in carcinoma of the lung are often widespread. The 
regional, supraclavicular, cervical and axillary lymph nodes, liver, 
bones, lungs, brain, kidneys and adrenals are common sites for secondary 
tumors. 

The following cases will illustrate the more usual types of pulmonary 
carcinoma. 


CASE REPORTS? 


I. Carcinoma Arising from Primary Bronchi 


Case 2 (history 54,372): A white man, 75 years old, complained of pain and 
distress in the right chest. His history was very inaccurate, the duration of 
illness being given from two years to one month. 

4 Physical examination revealed dulness in the right axilla, flatness at the right 
base posteriorly and absence of breath-sounds. X-ray showed shadow over 
the right lung, with increasing density toward the base. A diagnosis of 
primary neoplasm of the pleura was made. 

Autopsy (no. 9,261): The right pleural cavity was found to contain 600 cc. 


2 These cases have previously been reported in the Proceedings of the New York Pathological 
Society, 1923, xxiii, 113. ‘The case numbers correspond with those in the original report. 
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of blood-tinged fluid. The parietal pleura was studded and thickened by 
nodules and flat plaques of gray translucent tissue which was very dense and 
firm. The thickening was particularly marked over the apex of the right 
lung, where the width of the pleura was almost 1 cm. In the lower lobe, 
at the end of the main bronchus, was found a large mass along the mesial 
border, measuring almost 6 cm. in its greatest diameter. This mass was 
composed of opaque yellow tissue in which were pockets filled with pus. The 
pleura directly over this was thickened and pulledin. The bronchus leading 
to this mass was constricted and the wall infiltrated by tumor. The hilum 
lymph nodes contained many tumor nodules. 

This tumor is composed of oval or polyhedral cells forming large masses; 
in many places these cells are definitely flattened and squamous-like. The 
nuclei are vesicular and oval, containing little chromatin. Mitoses are 
numerous, and in some areas there is keratinization without definite pearl- 
formation. The tumor is extending from one alveolus to another through the 
pores of Cohn. In some places the alveolar septa have been destroyed. 
There is extensive necrosis of the tumor in many parts. In some of the 
bronchi the mucosa has been replaced by tumor. The lymphatics are ex- 
tensively invaded; in a few instances plugs of tumor are found in the smaller 
branches of the pulmonary artery. Metastases are present in the pleura, 
lymph nodes and kidney. There is no mucin production in this tumor. 


Case 3 (history 56,470): A man, aged 47 years, complained of epigastric pain, 
nausea and vomiting. The history was very suggestive of gastric ulcer 
for which he had been previously treated. 

On physical examination there was found dulness over the right apex, with a 
change in breath-sounds. X-ray of the chest revealed a dense shadow in the 
right upper lobe with displacement of the trachea to the right and with an 
apparent pulling upward of the primary bronchus. A bronchoscopic ex- 
amination showed the main bronchus to the right upper lobe reduced to a small 
slit from which pus exuded. 

Autopsy (no. 9,379): The right upper lobe was bound to the parietal pleura 
by dense adhesions. The bronchus to this lobe was filled and distended by a 
plug of soft gray tissue. This tissue passed through the wall of the bronchus 
and extended into the surrounding lung and pleura. The mass extended 
backward into the bronchus for a distance of 2.5 cm., and beyond this point 
in the upper lobe there were numerous bronchiectatic cavities filled with pus. 
A small branch of the pulmonary artery passing close to the tumor was found 
to be invaded by thetumor. The lymph nodes at the bifurcation of the trachea 
and about the right primary bronchus were greatly infiltrated with the tumor. 
Other additional findings at autopsy were a small gastric ulcer, a duodenal 
ulcer, a scar in the right lobe of the liver, congenital cystic kidneys, with numer- 
ous adenomata, and a necrotic mass in the right lobe of the cerebellum. 
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The histological examination showed the tumor in the region of the primary 
bronchus to be composed of cells having spindle-shaped, vesicular nuclei 
and very scanty cytoplasm. ‘These cells have a definite alveolar arrangement: 
the stroma seems to be very scanty. They are invading between the car- 
tilaginous rings of the trachea and are extending into the surrounding portions 
of the lung. In other places the cells are more cuboidal and the nuclei are less 
spindle-shaped. With the Bielschowsky stain, the connective-tissue fibrils 
are distributed in the manner seen in carcinomata. The mass in the cerebellum 
proved to be a large metastasis. Other metastases were found in the lymph 
nodes. 


II. Carcinoma Arising in Tuberculous Foci 


Case 6 (history 52,978): A man, aged 42, was admitted complaining of pain 
in the sacral region. He stated that this pain came on a short while after 
an injury. 

His lungs were negative on physical examination. Neurological examination 
revealed weakness of the lower extremities. X-ray showed destruction of the 
intervertebral disc between the 12th dorsal and ist lumbar vertebrae, with 
destruction of the body of the latter vertebra. There was considerable 
mottling of the ribs with mottling throughout the lungs, resembling calcium 
deposits due to old tuberculous lesions. Repeated examinations with the 
X-ray showed the lesions in the vertebrae to be progressing. While turning 
over in bed one day, the man had a sudden sharp pain in the left clavicle, anda 
swelling appeared at this point. At a later date, while again turning in bed, 
he had a sudden pain in the back and immediately afterward complained of 
loss of sensation in both legs and thighs, with a band of hyperaesthesia in the 
region of the 10th thoracic zone. This was followed by flaccid paralysis of 
the lower extremities and total loss of sphincter control of the bladder and 
rectum. His emaciation was rapid and the pain was severe. 

Autopsy (no. 9,262): Revealed the apex of the left lung bound to the 
parietal pleura by dense adhesions. At the apex of the upper lobe was a 
calcified nodule, and anterior to it a moderately firm mass, 2.5 cm. in diameter, 
composed of gray tissue in which were found several small calcified nodules. 
A moderate-sized bronchus entered into this mass. The hilum lymph nodes 
contained tumor in which there was considerable gelatinous material. The 
right ilium was almost destroyed by tumor. There was involvement of the 
left clavicle where fractured. In the 9th rib on the left was a large metastasis, 
and in the ist, 5th, 6th, 7th, 9th, 10th, 11th and 12th dorsal vertebrae and in 
the ist, 2nd, 3rd and 5th lumbar vertebrae were numerous tumor nodules. 
The 7th and 11th dorsal, and 1st and 5th lumbar vertebrae were almost com- 
pletely destroyed. The sacrum too was extensively involved. At the level 
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of the 6th dorsal vertebra the spinal cord was very much softened and dis- 
colored, and in the cauda equina a tumor nodule, 2 cm. in greatest diameter, 
was found. Other metastases were found in the mesentery, omentum, peri- 
toneum, bronchial and pelvic lymph nodes, liver, spleen, kidney, adrenaland 
pleura. 

In a section from the apex of the left upper lobe were found hyaline tubercles 
invaded by a tumor composed in places of rather large columnar cells with 
vesicular nuclei. These were often arranged in a palisade manner around the 
alvec?is in other places they were growing in rather broad sheets, while in other 
parts there was an adenomatous arrangement with the production of a mucin- 
like material. The tumor was extending into the lymphatics along the sub- 
mucosa of the bronchus entering the tumor. It was invading the wall of the 
pulmonary artery nearby. In all of the metastases there was extensive mucin 


production. 


Case 5: A white woman, aged 76 years, was admitted to the Tuberculosis 
Pavilion, City Hospital, Baltimore, Maryland, with the complaint of pain in 
the neck and headaches. No definite history could be obtained because her 
statements were incoherent and conflicting. She was markedly cachectic, 
and had advanced arteriosclerosis. The left half of the chest was immobile. 
There were signs suggestive of cavity-formation in the left upper lobe. The 
sputum had a rusty tinge. 

Autopsy (no. 1,569): The left lung was densely bound to the pleura by old 
fibrous adhesions. In the apex of the upper lobe were several cavities with 
smooth gray walls. The lower part of this lobe was filled with a rather friable, 
gray tissue in which were collections of gelatin-like material. In the terminal 
portion of the main bronchus, there projected a roughened tumor mass which 
practically completely filled it. The branch of the pulmonary artery passing 
over the bronchus was almost completely occluded by a hyaline thrombus 
and the pulmonary vein was entirely filled with a mass of friable tumor which 
extended to hang as a tasselled plug in the left auricle. 

In sections of the left lung were many hyalinized tubercles encircled by 
considerable scar-tissue containing much pigment. Surrounding and invading 
extensively these old tubercles was tumor composed of rather tall cells with 
oval, vesicular nuclei. These cells often were growing in dense masses, but 
even in these masses there were frequently found small or large collections of 
mucin. In other places, multinucleated cells were quite numerous and the 
tumor had a somewhat papillomatous appearance enclosing very large spaces. 
Mucin was present in these lumina. Mitoses were moderately numerous. 
There was extensive necrosis in many parts of the tumor. The tumor was 
extending up into the primary bronchus; it was replacing the bronchial mucosa. 
Metastases were found in the right lung, right kidney and right adrenal. 
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IIT. Carcinoma Arising from Alveolar Epithelium 


Case 4: The patient, aged 82 years, was admitted to the City Hospital, Balti- 
more, Maryland, and, owing to his inability to speak English, a history was 
never obtained. An examination showed impairment over the left lung 
posteriorly, with very distant breath-sounds. The patient became progres- 
sively emaciated; there was accumulation of fluid in his left pleural cavity. 

The left lung (autopsy no. 1,453) was bound by recent adhesions to the pleura 
and in these adhesions was some haemorrhage. The lower lobe was com- 
pressed. The upper lobe was considerably increased in size; it was filled with 
greyish-yellow tissue in which were numerous necrotic areas. The outlines 
of the interlobular septa could be easily seen as pigmented bands passing back 
and forth. The alveoli were apparently filled with the new growth that 
produced a condition resembling pneumonic consolidation except in the color 
of the material filling them. The tumor extended up into the bronchus and 
completely filled the primary bronchus just where it divided into its main 
branches to the upper and lower lobes. The margin of the mass in the lung 
was slightly lobulated. Beneath the pericardium were numerous tumor 
nodules in the pleura. 

The tumor was composed of medium-sized cells, having a relatively small 
amount of cytoplasm about the vesicular, oval nucleus. The cells were closely 
packed together. Mitoses were not numerous. The tumor completely filled 
Be the alveoli, but the alveolar septa could be readily distinguished and strands 
. of tumor were passing through the pores of Cohn. Where the tumor cells 
were closely approximated against the alveolar wall, they had a columnar 
arrangement. The tumor was extending through the lymphatics along the 
bronchi; it was invading the bronchial mucosa. There was no keratinization, 
no demonstrable intercellular bridges and no mucin production in this tumor. 
Metastases were found in the parietal pleura, hilar lymph nodes, mediastinum 
and liver. 

The mode of growth of this tumor and the production of a condition re- 
sembling a carcinomatous consolidation of the lung, with the type of cells seen, 
pointed to the alveolar epithelium as the origin of this carcinoma. 


IV. Carcinoma A rising in Bronchiectatic Cavity 


Case 7: (history 47,413): A Jamaican, aged 40, complained of cough and 
expectoration for eight months, shortness of breath, and pain in the left breast 
foronemonth. He dated his illness to the previous winter when after exposure 
he developed a cough which lasted for a month. After this he felt well for 
two or three months, when he developed a persistent cough, accompanied by 
an expectoration which was most profuse in the morning. Three weeks ago 
he began to have pain in his left chest. 


tye 
64 
bi 
4 
| 
i 
| 
| 
| 
| 
: 


NEOPLASMS OF THE LUNG 65 


Physical examination revealed consolidation of the left upper lobe. X-ray 
showed a large dense shadow extending from the third to the tenth ribs on the 
left, with displacement of the trachea. The lower portion of the lung was air- 
containing. There was gradually increasing involvement of the lung. Bron- 
choscopy revealed no evidence of new growth in the lung. An exploratory 
thoracotomy was done; fatal haemorrhage occurred. 

Autopsy (no. 9,073): The left lung was bound to the pleura by very dense 
adhesions. The upper lobe was considerably increased in size. It felt very 
firm. The main bronchus to the upper lobe was markedly constricted at one 
point; beyond this it was dilated, ending in a large cavity which was almost 
completely filled by an irregular tumor-mass attached to the wall by a short 
pedicle. In the dilated portion of the bronchus was found a second plug of 
tumor. The wall of the cavity was quite rough and on the lateral surface 
was very thin. In the lower part of this lobe were numerous bronchiectatic 
cavities filled with pus. The lower lobe was compressed. 

The tumor is composed of epithelial cells which are somewhat variable in 
size. Their nuclei are vesicular; in many there is very distinct hyperchro- 
matism with occasionally a large nucleolus. The cells are arranged in cords 
or masses, containing very little stroma. They often enclose spaces in 
which there is well preserved blood. Mitoses are numerous. There are no 


metastases. 


INCIDENCE 


It is difficult to form any definite opinion about the incidence of pul- 
monary carcinomata. Statistics gathered from small series are often 
conflicting. In certain localities, as Leipzig, the incidence of carcinoma 
of the lung is very high and the figures given exceed those of other 
places. Seyfarth (23) records 307 cases of carcinoma of the lung from 
the Pathological Institute, University of Leipzig, from 1900 to 1924. 
The percentage of carcinoma of the lung in all types of carcinoma occur- 
ring in his series in shown in table 1. 


TABLE 1 


PERCENTAGE OF CARCINOMA OF LUNG IN ALL 
PATHOLOGICAL INSTITUTE, UNIVERSITY OF LEIPZIG CARCINOMATA 


1900-1906 5.01 
1907-1913 6.88 
1914-1918 11.23 
1919-1923 8.75 
January to July 1924 15.5 
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Staehelin (18) reports the incidence at the Biirgerspital, Basel, for 
the same period and it is lower than in Leipzig. (Table 2.) 


TABLE 2 


PER CENT OF CARCINOMA 


BURGERSPITAL, BASEL NUMBER OF CARCINOMA LUNG CARCINOMA OF THE LUNG IN ALL 
CARCINOMATA 


1900-1911 566 12 
1912-1914 218 11 
1915-1923 755 38 

1924 81 4 


Brunn (24) assembled the available statistics for the incidence of 
carcinoma of the lung as follows: 


AUTOPSIES CARCINOMA OF LUNG PER CENT 


1872-1898 382,671 159 0.04 
1898-1916 192,271 488 0.24 
1916-1924 33,308 71 0.21 


608,250 718 


Weller (22) finds the incidence of carcinomata of the lung and bronchi 
in Europe and the United States to be about 0.5 per cent of all autopsies 
and 5 per cent of all deaths from carcinoma. 

The matter of chief interest in the incidence of primary pulmonary 
carcinoma concerns the question of absolute increase of the number of 
cases within recent years. From the collected statistics of Brunn (24) 
the incidence has not changed since 1898. Menétrier (25) also states the 
percentage has not altered for the past twenty years ending in 1917. 
Bonser (26) reviewing the material obtained in Leeds comes to the con- 
clusion there has been no increase in intrathoracic cancer during the past 
thirty-five years. 

Simpson (27) believes that carcinoma of the lung is occurring with 
greater frequency than formerly. He cites the incidence of this tumor 
in the autopsies of the London Hospital for 18 years. The statistics are 
given by single years; for purposes of convenience I have grouped his 
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figures into longer periods. The percentage of incidence is not materially 
altered by this rearrangement. (Table 3.) 


TABLE 3 


LONDON HOSPITAL AUTOPSIES CARCINOMA OF LUNG 


1907-1910 4,967 31 0.62 
1911-1914 3,832 26 0.68 
1915-1918 2,568 16 0.62 
1919-1922 2,582 33 1.20 
1923-1925 1,767 33 1:90 


15,716 139 


The statistics for the incidence of carcinoma of the lung at the Depart- 
ment of Pathology, University of Minnesota, have been reported by 
Barron (28) (table 4). The series covers 4,362 necropsies for the years 
1899 to 1921. 


TABLE 4 


PER CENT OF CARCINOMA 
AUTOPSIES CARCINOMA OF LUNG OF LUNG IN ALL AUTOPSIES 


1899-1911 1,333 
1912-1918 2,026 0.2 
1919-1921 (June) 1,003 0.9 


4,362 13 


'. The incidence of carcinoma of the lung for the University of Michigan, 
where the laboratory has been under the directorship of one person and 
careful histological examinations made, is reported by Weller (22), for 


2,450 autopsies, as follows: 


| 
— PERCENTAGE OF LUNG CARCINOMA 
NUMBER OF AUTOPSIES CARCINOMA OF LUNG OF ALL AUTOPSIES 


1-1,000 1 
,000 


1,000- 5 
2,000-2,450 4 


'. At the Presbyterian Hospital, New York City, for the past twenty-two 
years, there were 20 primary carcinomata of the lung and bronchi in 
2,500 autopsies. The diagnoses have been controlled by careful histo- 
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logical examinations. 
chiefly of adults. 


The material is drawn from a service consisting 
An analysis of these figures is given in table 5. 


TABLE 5 


nena ial PER CENT OF LUNG|PER CENT OF LUNG 
1907-1917 7,700— 8,700 97 3 0.3 ce | 
1918-1925 | 8,700- 9,700 151 il 1.1 7.3 
1926-1929 | 9,700-10,200 99 6 1.2 6.1 
2, 500 347 20 


From the statistics of Weller (22) and our own material there is ob- 
vious difference in the incidence of pulmonary and bronchial carcinoma 
in these two institutions. The incidence is apparently increasing, yet 
serious doubt exists that the increase is actual. 

In drawing deductions from statistical compilations, account must be 
taken of certain possible variables: (1) the incidence will be affected by 
the proportion of children to adults admitted to hospitals, and (2) 
refinements in diagnostic technique, especially the X-ray and broncho- 
scopy, attract patients with obscure pulmonary lesions into hospitals 
and an apparent increase of lung carcinoma in the hospital population 
may result therefrom. Without going into a more detailed analysis, 
my study of the available statistics leaves me in doubt as to whether there 
has been an acutal increase of lung carcinoma. 
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THE ROENTGEN-RAY TREATMENT OF INTRATHORACIC 
TUMORS 


WILLIAM A. EVANS anp T. LEUCUTIA! 


In irradiating a tumor for therapeutic purposes, two factors have to 
be taken especially into consideration: first, the primary response of the 
tumor to radiation, and, second, the reaction of the neighboring tissues 
influencing the irradiated tumor. While the first factor is concerned 
chiefly with the radiosensitivity of the individual tumor, the second 
factor depends on the particular structure of the normal tissues sur- 
rounding the tumor. In the roentgen therapy of intrathoracic tumors, 
both factors are of paramount importance. 

The radiosensitivity of the individual tumor originating or occurring 
within the chest is governed by the same general rules as the radio- 
sensitivity of tumors elsewhere. Thus the morphological appearance, 
the degree of differentiation, the rate of cellular division, the type and 
stability of vascularity, the tendency to produce intercellular para- 
plastic structures, the metabolism, the histogenesis, and especially the 
character of the tissues of origin and the desmoplastic property of the 
bed of the tumor are all circumstances which greatly influence the 
different types of tumors in their response toward radiation. 

On the other hand, the particularity of the normal structures has also 
to be taken into careful consideration. As is well known, the structures 
within the chest possess a great tendency to the formation of tumors 
having criteria of high radiosensitivity. For example, the majority of 
the primary neoplasms of the mediastinum, which originate from the 
lymphoid tissues of the mediastinal lymph nodes and the thymus, are all 
extremely radiosensitive. Likewise, the secondary tumors metastasizing 
to the lungs, because of the increased blood-supply of the lungs, show a 
more rapid growth, and thus a greater radiosensitivity, than in their 
primary location. However, a factor of still greater importance is the 
tendency of the lungs to respond to radiation with the production of 
connective tissue, leading to a better encapsulation and therefore to a 
quicker healing, or at least arrest, of the tumor irradiated (this applying 
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especially to the slower growing carcinoma, where our aim often consists 
solely in the fibrosing of the lung or part of the lung involved). 

The knowledge of the response of the tumor and its surrounding struc- 
tures toward irradiation is important also, because it often serves as a 
basis of differentiation in cases in which a diagnosis by other means is 
impossible. True enough, a diagnosis of intrathoracic tumor, or even a 
differentiation of mediastinal and pulmonary tumor, can be made in the 
majority of cases by a combination of the clinical examination with a 
systematic roentgenological exploration of the chest, but the type of 
tumor, especially in the case of primary tumors of the mediastinum, and 
in rarer instances of the lung, can be estimated only exceptionally. Not 
even a bronchoscopic examination will give added information in this 
respect, and the removal of a specimen for microscopic examination will 
succeed in only a certain percentage of the cases. The bulk of intra- 
thoracic tumors are not diagnosed beyond the fact that they are of 
primary or secondary origin and that they are related to the mediastinum 
or to the lungs. 

In studying for the past seven years the behavior of tumors treated by 
irradiation, we arrived at the conclusion that their radiosensitivity could 
be used, within certain limits, as an index to the type of tumor irradiated. 
Since tumors of different histological structure (due to variations in the 
radiosensitivity of their tissue elements) respond to irradiation with 
various degrees of reduction in size in the time unit, the rate of disap- 
pearance of the tumor-mass can be used as a basis of measurement. 
Fortunately, the primary neoplasms originating within the chest, since 
these lesions are more difficult of differentiation, are composed of elements 
which occupy positions far apart in the scale of radiosensitivity of the 
cells, thus permitting a rather accurate estimation of the variation in 
rate of their disappearance. 

In order of their radiosensitivity, one may place, for practical purposes, 
the intrathoracic tumors in the following four main groups: 


1: Lymphoblastomata (lymphosarcoma, thymoma, pseudoleukemia, chronic 
lymphatic leukemia, etc.). 

2: Cellular anaplastic tumors (spindle-cell sarcoma and its varieties, 
teratoma, hypernephroma, Ewing’s tumor, mediastinal Hodgkin’s, etc.). 
3: Carcinoma, primary (chiefly of bronchogenic origin and, in rarer cases, 
of pleural, thymic and thyroid origin) and secondary. 

4: Benign tumors, dermoid cysts, pseudotumors (aneurysm, encysted pleural 
effusion simulating tumor). 
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1: Lymphoblastomata: Since all tumors included in this group (lym- 
phosarcoma, pseudoleukemia, glandular enlargements from chronic 
lymphatic leukemia, thymoma, etc.) represent proliferations of the 
lymphocytic-cell element of the mediastinal lymph nodes or of the 
thymus, and since the lymphocytes and their pathological derivatives 
are extremely radiosensitive, it is only natural that their responses 
toward irradiation should be prompt and definite. Indeed, we see the 
largest bulky tumor-masses entirely disappear within eight or ten days 
following irradiation. This rapid disappearance, which often is called 
“melting away,” is so typical that one can safely say that an intrathoracic 
tumor which has not entirely disappeared within ten days following 
irradiation is not a lymphocytic-cell proliferative process. 

2: Cellular Anaplastic Tumors: This group includes the spindle-cell 
sarcoma and its varieties, the teratoma, hypernephroma, Ewing’s tumor 
and the mediastinal Hodgkin’s. This latter, although pathologically 
belonging to the lymphoblastoma, is placed here, since the reticular and 
endothelial cell elements which almost invariably dominate the micro- 
scopic picture occupy a position which, in the scale of radiosensitivity, is 
nearer to the sarcoma cells than to the highly sensitive lymphocytes. 
For the same reason, teratoma, hypernephroma and Ewing’s tumor are 
also included. These tumors, as a rule, show reduction to half of the 
original size within three to six.weeks, and an entire disappearance within 
two to three months following irradiation. 

3: Carcinoma: The majority of the primary intrathoracic carcinomata 
are of the desmoplastic type and consequently they respond very slowly 
to irradiation. In the early cases, the repeated application of deep 
roentgen therapy and the local use of radium occasionally leads to 
healing; in the advanced, bulky tumors, however, a temporary reduction 
in size is all that can be expected. Because of this very slow response of 
primary carcinomata of the chest to radiation, our aim should be rather to 
produce a fibrosis of the part of the lung involved than to act on the 
carcinoma tissue itself. The tendency of the lung irradiated to produce 
connective-tissue formation is of considerable aid in this respect, and we 
have repeatedly succeeded in bringing about an arrest of very extensive 
carcinomata lasting for a period of several years. The same thing is 
true of bulky metastatic carcinomata whose radiosensitivity, because of 
the different structure of the carcinoma, is often more pronounced. 
Here occasionally a complete disappearance of the lesion is produced. 

4: Benign Tumors, Dermoid Cysts, Pseudotumors: The response of 
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these lesions to irradiation, as one may expect, is nil. In the benign 
tumors and the dermoid cysts the long duration of the disease and the 
paucity of clinical symptoms, as compared to the roentgenological 
findings, is of differential diagnostic importance. However, in certain 
types of aneurysms, especially those associated with bronchostenosis, 
and in occasional encapsulated fluid collections, a differentiation from 
malignant tumors, chiefly carcinomata, is often very difficult. In such 
instances a negative roentgenotherapeutic response is of decided diag- 
nostic aid. 

Since the variation in the rate of response of the above four groups is 
within rather broad limits, it is advised that check-up films be taken 
within ten days, six weeks, and, after this, every two months following 
the irradiation and that these films be compared with the original films 
taken prior to the treatment. Such a procedure, in addition to the in- 
formation it gives with regard to the results of treatment, also serves as 
confirmation or disproof of the diagnosis previously established. One 
single example will suffice to illustrate this point of view. In one of our 
cases, which had shown the usual’ roentgenological appearance of a 
primary carcinoma of the lung, and in which the microscopic report of 
the specimen removed through the bronchoscope was that of a carcinoma 
of the basal-cell type, the application of one series of roentgen therapy 
produced a complete disappearance of the lesion within six weeks follow- 
ing treatment. This fact, which could not be brought into harmony 
with the usual response of primary carcinomata of the lung to radiation, 
placed the lesion within the group of cellular anaplastic tumors. A 
postmortem examination later revealed that the tumor in question was 
not a carcinoma but indeed a metastatic hypernephroma. 

Method of Treatment: In outlining the roentgen treatment of intra- 
thoracic tumors, it is necessary to use a dose which, while destroying the 
tumor tissues, would pay due consideration to the normal structures of 
the lung. In some instances, especially if the intrathoracic tumor is a 
carcinoma, and when the lesion is localized to only part of the lung, the 
production of a fibrosis is desirable, but when the radiation has to be 
extended to both lungs in their entirety, a fibrosis, of even moderate 
degree, might lead to disastrous results. 

On the other hand, since accurate pathological diagnosis can be made 
in only a few of the intrathoracic tumors, a gradation of the dosage ac- 
cording to the variation in radiosensitivity of the different tumors is 
rarely possible. It is therefore best, and certainly safer, to apply in all 
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instances a dose large enough to be tolerated by the normal intrathoracic 
structures which, at the same time, would represent a maximum thera- 


peutic dose for all neoplastic processes. 
Based upon the above principles of fundamental importance, we pro- 


ceed as follows: 


1: If the tumor is confined to the mediastinum, so that in the cross-firing of 
the tumor the roots and the inner zones of both lungs have to be included in 
the field of radiation, a dose of from 110 to 130 per cent SUD is administered 
over the region of the tumor (by extending the treatment over a period of 
from four to six days). The cross-firing is done through anterior and posterior 
oblique (right and left) portals of entry, with the patient in rotation of 45°. 
Whenever possible, the periphery of the lungs is excluded from the radiation, 
that is, no direct lateral ports of entry are used. 

Since most of the tumors occurring or originating within the mediastinum 

belong to the highly radiosensitive groups 1 and 2, one single exposure will 
suffice in the majority of cases to entirely take care of the lesion. If a repeti- 
tion of the treatment is necessary, which should not be done sooner than two 
months, it is best to arrange the cross-firing so as to leave one lung entirely 
free from irradiation. At the same time, the dose over the tumor should be 
reduced, since reapplication of larger doses invariably results in severe fibrotic 
changes. 
2: If the tumor is localized in both lungs, as in the majority of metastatic 
tumors by the haematogenous way, a dose of from 110 to 130 per cent SUD 
is administered over both lungs. Since the metastatic tumors have to be 
entirely destroyed by the application of one single series of treatment, the 
radiation must be uniformly distributed to the entire lung-fields (including 
the periphery of the lungs). If the tumors did not entirely disappear following 
the application of the first treatment, further irradiation remains of little 
benefit. 

The appearance of radiation induration of the lungs, which is sometimes 
observed in these cases within three to four weeks following the treatment is 
of no significance and the condition usually clears up spontaneously. More- 
over, it indicates that a proper dosage has been applied. 

3: If the tumor is localized in only one lung or parts of the lung, as in the 
majority of primary neoplasms of the lung, and in some secondary tumors 
(especially carcinomata) a dose of 130 per cent SUD is given over the site of the 
lesion. Since in these cases the production of fibrosis is to be desired, treat- 
ment can be safely repeated with rather large doses. In some instances, as 
many as three or four series are given at two- to three-month intervals. Of 
course, the normal lung is well protected (by lead) during the entire course of 


the radiation. 
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In cases of early primary carcinoma of bronchogenic origin, a combination 
of deep X-ray therapy, with the local application of radium introduced by 
means of the bronchoscope and under fluoroscopic control, occasionally is of 
decided value. 

In case of association of tuberculosis with a malignant process, irradiation 
should be carried out the same as in cases without tuberculosis. 


In the radiation therapy of all, primary and secondary, intrathoracic 
tumors, roentgen rays of short-wave length (0.1 to 0.15 AU), because of 
their penetrating character, will best serve the purpose. It appears, 
however, that a further perfection of X-ray apparatus, leading to an 
output of still higher voltages than the present limit of 250,000 volts, 
would be of considerable advantage in this field. It is our impression 
that in many instances it is impossible to administer an entirely homo- 
geneous radiation of a sufficient dosage at the present time because of the 
limited penetration of the roentgen ray. 

Our factors are as follows: 200,000 volts (peak) 1 mm. copper, 1 mm. 
aluminum as filters (efficient wave length 0.14 AU), 70 to 80 cm. skin- 
target distance, large portals of entry, water-cooled tube, 100 per cent 
SUD (on the surface of the skin) equalling 650 r. 


COMPLICATIONS SUBSEQUENT TO IRRADIATION 


1: Haemorrhage: As is well known, haemorrhage forms one of the 
most frequent fatal issues of all neoplasms. A haemorrhage of intra- 
thoracic tumors may result either in haemoptysis or haemothorax. 
Following the application of radiation, due to the deleterious changes 
produced by the roentgen-rays within the tumor tissues (liquefaction, 
necrosis, etc.), an increased danger of haemorrhage exists for a period of 
several weeks. Later, however, after the onset of the fibroblastic 
proliferation within the tumor as well as of the surrounding tissues, 
the danger of haemorrhage gradually disappears. ; 
2: Rupture of the Lung: The destructive effect of the roentgen-rays 
on the tumor-masses occasionally results in a rupture of the lung leading 
to pneumothorax. Such a complication occurs chiefly in multiple 
metastatic tumors of the lungs. Following the healing of the lesions, a 
spontaneous absorption of the pneumothorax may follow. 
3: Changes in the Normal Structure Incident to Radiation: This may 
be (1) infiltration and (2) fibrosis. 
(1) The radiation infiltration as a rule appears within three to four 
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weeks following the application of roentgen-rays and lasts for a period of 
several months. In the less severe cases the condition clears up without 
any untoward results, but in the more pronounced cases a permanent 
fibrosis of the lung structures may result. 

(2) The fibrosis is always a late manifestation and does not occur 
until several months following the treatment. It is of permanent nature 
and in the very severe cases it may lead to complete loss of function of 
the lung involved. 


Combination of Roenigen-ray Therapy with the Intravenous Injection 
of Colloidal Lead: The application of intravenous injections of colloidal 
lead in malignant tumors is comparatively recent. It is too early, 
therefore, to draw definite conclusions with regard to the value of this 
method, especially its combination with deep-roentgen therapy. One 
fact, however, seems to be outstanding: namely, there is a tendency for 
colloidal lead to deposit in bony structures and in lung tissues. The 
presence of lead in the pathological tissues, in addition to producing a 
primary deleterious effect on the diseased tissues, also leads to the emis- 
sion of secondary radiation during the actual course of the treatment. 
For this reason (and this fact is proved experimentally) a preliminary 
saturation of the pathological tissues with colloidal lead produces an 
increased response of these tissues to radiation. Moreover, in some cases 
with very diffuse metastases to the lungs, in which the application of a 
first series of roentgen-rays remained without effect, we were able to 
bring about, by the intravenous injection of colloidal lead combined with 
deep roentgen-ray therapy, a complete disappearance of the lesions. 
It seems, therefore, that the method is worthy of further consideration. 


CONCLUSIONS 


1. Roentgen-ray therapy forms one of the most powerful agents in 
the treatment of both primary and secondary intrathoracic tumors. 

2. The treatment is based on the principle that, while a destruction of 
the pathological tissues is desired, the least possible damage should be 
done to the normal structures. The variation in the response of the 
intrathoracic tumors, which is chiefly concerned with the radiosensi- 
tivity of the tumor cells, may be used also for the purpose of a differential 
diagnosis. 

3. A combination of colloidal-lead therapy and roentgen-ray therapy 
is of noteworthy consideration. 


COMPARATIVE RADIOGRAPHIC AND ANATOMICAL 
STUDIES OF INTESTINAL TUBERCULOSIS! 


M. MAXIM STEINBACH 


Tuberculous ulceration of the intestines is usually secondary to pul- 
monary tuberculosis, and, as a rule, a terminal phenomenon in the course 
of chronic phthisis. In a series of necropsies performed at the Monte- 
fiore Hospital, we (1) found that of 199 cases 127 had more or less exten- 
tensive involvement of the intestines. Fenwick and Dodwell (2) found 
ulceration in 56.6 per cent of 883 cases. Englesmann (3) found 92.6 
per cent of 108 autopsies. Walsh (4) found 76 per cent intestinal ulcera- 
tions in 100 autopsies. In 100 of Englesmann’s (3) cases a clinical diag- 
nosis was made 32 times. Of the 127 cases studied at Montefiore, we 
(5) found that but 49 cases, or 38.6 per cent, were diagnosed during the 
life of the patient, while in 61.4 per cent the clinical history gave no 
indication of the presence of intestinal disease. This observation agrees 
with others who have studied their cases carefully and correlated their 
clinical findings with the revelations at the necropsy table. It appears 
to be the general experience of clinicians that in 50 to 75 per cent of cases 
the diagnosis of intestinal involvement is missed in pulmonary tuber- 
culosis. 

Clinicians are only too often at a loss when it comes to the diagnosis of 
intestinal tuberculosis; nearly all symptoms and signs may fail, even in 
the presence of severe intestinal lesions. In 78 of the 127 cases of in- 
testinal tuberculosis reported from the Montefiore Hospital in 1923, in 
spite of definite intestinal ulceration, the diagnosis was not made. In 
view of the difficulty of arriving at a diagnosis, any new method that 
promises to be of assistance would eagerly be adopted. 

In 1911, Stierlin (6) reported 7 cases in which he considered the roent- 
gen-ray findings definitely diagnostic of intestinal tuberculosis. Of these 
cases described by Stierlin, 6 were correctly diagnosed as ileocaecal 
tuberculosis as proved by surgical operation; the seventh case was found 
to be a nonspecific colitis. 

1 From the Tuberculosis Division of the Montefiore Hospital for Chronic Diseases, New 


York, Maurice Fishberg, Chief of Service. 
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The method of examination described by Stierlin is simple: two glasses 
of a liquid bismuth meal are given, and roentgenographs taken after 
6,8and24hours. The classical Stierlin sign is the failure to visualize the 
caecum and ascending colon, whereas the terminal ileum and the trans- 
verse colon are filled. He emphasises the importance of loss of haustra- 
tions, the irritability of the affected parts, and the rapid emptying of the 
entire large intestine within 24 hours. His explanation is that, as the 
result of the ulceration present in the ileocaecal region, there are increased 
motility and irritability, causing failure of the bismuth to remain in the 
affected part. 

In 1912 Stierlin (7) again reported a small number of cases, em- 
phasizing once more the importance of the roentgen diagnosis of intes- 
tinal tuberculosis. In some cases, Stierlin points out, the partially 
filled portion of the colon shows fine marbling, or long-drawn-out shadows 
and this he attributes to the retention of some of the bismuth by the 
ulcerations. 

Béclére and Mériel (8) in 1912 reviewed Stierlin’s work, and stated that 
Stierlin’s sign is found not only in ileocaecal tuberculosis but also in 
cancer. In the cancerous condition the intestine is rigid, and the food 
goes through rapidly; in the ulcerated intestine the food is hastened 
through because of increased irritability, producing muscular contraction 
and hypermotility. Schwarz, Gottwald and Novascinsky (9) in 1912 
confirmed Stierlin’s work, but disagreed in the description of the streaky 
and marble-like appearance which they believe has nothing to do with 
tuberculous ulceration. They described for the first time the con- 
tracted, irregular caecocolon region found in the presence of a tuber- 
culous gut. M. Faulhaber (10) (11), in 1913 and again in 1917, was not 
impressed with Stierlin’s work, and stated that the classical picture of 
Stierlin’s sign may be absent in many cases of tuberculous caecum. 
Vidor Révész (12) in 1918 reported 2 cases that were diagnosed clinically 
and confirmed by roentgen-ray, but found many other positive clinical 
cases in which Stierlin’s sign was not present. He is not in accord 
with Stierlin’s conclusions. Kantor (13), in The Roenigen Diagnosis of 
Colitis, shows typical Stierlin roentgenographs, but uses the term 
“probable tuberculous colitis” in describing this picture. . Chauol (14), 
in his very recent edition of Stierlin’s Klinische Roenigendiagnostik des 


Verdauungskanal, says, 


As regards the diagnostic value of Stierlin’s symptom it must be emphasized 
that it is by no means pathognomonic of ileocecal tuberculosis. On the one 
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hand, as Stierlin himself insisted, it may be found in any ulcerative and in- 
durative changes of the caecum. On the other hand, it is lacking very often 
in cases of tuberculosis of that region of the gut. 


In this country, Pirie, quoted by Archibald (15), points out that, in 
several cases of tuberculous colitis studied by him prior to 1917, he failed 
to visualize the caecum at the proper time when it should have been 


filled with barium. He further states, 


We could not show the caecum filled by the barium meal because it never did 
fill when tuberculous ulceration existed. Setting out with this as a working 
hypothesis, we examined the cases at half-hour intervals from 4 to 12 hours 
after the barium meal. We found our theory certain in each case of tubercu- 
lous caecum, viz., the caecum never filled up with the meal. Each small 
squirt of barium that left the ileum was quickly passed on past the caecum and 
collected elsewhere in the large colon, either in the transverse part or the de- 
scending. So that our conclusion was, that in a tuberculous subject, with 
symptoms suggestive of tuberculous caecum, if the caecum did not fill from 4 
to 12 hours after the barium meal when examined at intervals of about half an . 
hour, then this want of filling confirmed the diagnosis. On the other hand, 
when it did fill, as it does in the normal individual, it negatives the diagnosis of 
tuberculous caecum. We had this latter experience confirmed in one case 
where a clinical diagnosis of tuberculous caecum had been suggested; the x-ray 
showed a caecum filled by barium, and at operation a non-tuberculous caecum 


was found. 


The indefatigable work of Brown and Sampson (16) (17) has given a 
strong impetus in this country to the use of roentgenographs in the diag- 
nosis of intestinal tuberculosis. In an early publication (16) they 
reported 39 positive cases studied by the roentgenograph, of which 38 
were corroborated by surgical exploration of the abdomen. In their 
monograph on this subject (17), published in 1926, they state, 


Since 1918, 2,595 patients have been studied in the roentgen ray department at 
Trudeau, in regard to the presence or absence of intestinal tuberculosis. In 
all these patients a diagnosis of pulmonary tuberculosis had caused them to 
seek treatment. In 867 patients a positive diagnosis was made, and in 1,726 
tuberculous colitis was excluded. Of the negative group, 46 went to operation 
or autopsy, and in 44 tuberculous colitis was absent, while in 2 it was present. 
In the 62 cases diagnosed as positive by the roentgen ray method which went 
to operation or autopsy, all had tuberculous colitis. 


— 
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The stimulating work of Brown and Sampson prompted us to adopt the 
roentgenograph in the diagnosis of intestinal tuberculosis at the Monte- 
fiore Hospital. We were particularly interested in the fact that out of 
the 2,595 patients that were studied by the roentgenograph for the 
presence or absence of intestinal disease, at Trudeau, 85 were verified 
by surgical exploration and 21 by autopsy, while in 2 there was a dis- 
agreement between roentgen and pathological findings. 

During the past 6 years, 273 cases were studied at the Montefiore 
Hospital by means of the roentgenograph for the diagnosis of intestinal 
disease. Of these, 71 came to necropsy. Because of faulty technique, 
4 cannot be included, and therefore we report here only 67 cases, care- 
fully studied during life by the roentgen-ray and correlated by necropsy 
findings. It is important to note that it is necessary in all cases to 
excise and wash, and carefully inspect the intestinal mucosa; the lesions 
are often confined to the mucosa and submucosa, and are not visible 
through the serosa. Often, indeed, ulcerations are found only after 
careful microscopic search. 

The well-known technique of Stierlin, which is the same as that of 
Brown and Sampson, has been followed. 

The 67 cases are divided into groupsI and II. In group I we have 32 
cases of total agreement between roentgen and pathological findings: 
20 were roentgenologically absolutely positive and corroborated at 
necropsy (subgroup 1, see figures 1, 2, 3, 4, 5, 6): 5 were suggestively 
positive roentgenologically, and were also found positive by necropsy 
(subgroup 2): 7 were roentgenologically negative, and these were also 
found negative at necropsy (subgroup 3, see figures 7, 8,9). In group 
II (table 2) we have 35 cases of disagreement between roentgen and 
necropsy findings. Of these in 3 cases (subgroup 1) the roentgen picture 
was that of intestinal tuberculosis, while at necropsy the gut was found 
to be free from any tuberculous changes. In 18 cases (subgroup 2) 
the roentgen picture indicated a healthy gut, but at necropsy we found 
more or less ulceration in the intestines. In 6 cases (subgroup 3), 
in which necropsy showed tuberculous ulceration of the intestine, the 
roentgen findings were indefinite; no conclusion could be arrived at after 
careful study of the roentgen films. In 4 cases (subgroup 4), which came 
to necropsy with apparently unaffected intestines, the roentgen findings 
were indefinite. In 4 cases (subgroup 5), which showed the roentgeno- 
logically accepted signs of tuberculous colitis, it was found at necropsy 
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that the tuberculous lesions were not in the caecum or colon, but in the 
small gut. 

In the first 3 cases mentioned (group II, table 2, subgroup 1) the 
roentgen shadows were repeatedly those of defect in filling the caeco- 
colon region at 5, 9 and 24 hours, and of marked hypermotility, but at 
necropsy, after careful study, the gut was found to be free from any 
tuberculous pathological changes. These 3 cases are of great interest 
from a clinical and roentgenological view point. Case 17,201, adult 
female, was admitted March 22, 1929, and died April 21, 1929. Ad- 
mitted with a diagnosis of tuberculosis of the caecocolon. Had cramps 
and diarrhoea. Last roentgenograph was taken April 15, 1929. (See 
figures 10, 11,12.) At 5 hours barium in terminal ileum; colon filled to 
hepatic flexure; defect in filling of caecocolon. At 9 hours, residue in 
terminal ileum; colon defectively filled from splenic flexure to rectum. 
At 24 hours, entire intestinal tract was empty. Conclusion: Probable 
tuberculous colitis of caecocolon. Autopsy findings, 7 days after last 
roentgenograph, showed chronic appendicitis, chronic typhlitis, chronic 
perforation of caecum and abscess-formation, all nontuberculous. 

Case 14,075 is of still more interest. This patient was admitted in 
August, 1926, with far-advanced pulmonary tuberculosis, both lungs, 
active, progressive, one year’s duration; was at Bedford Hills Sanatorium 
until May, 1926, when he developed severe diarrhoea alternating with 
constipation. Two months prior to death developed severe diarrhoea, 
10 to 14 bowel movements per day; tenderness over entire abdomen. 
Clinically the case was positive for tuberculous enteritis. Roentgeno- 
graphs taken at different intervals were all classical for tuberculous 
colitis (see figures 13, 14, 15). The patient died 27 days after the last 
roentgenograph was taken, and a very careful pathological examina- 
tion failed to reveal any disease of the intestinal tract. 

These cases illustrate that defect in filling of caecum and ascending 
colon, associated with hypermotility, is not always pathognomonic of 
tuberculous colitis, but may be present in other conditions of the large 
and small intestines in which there is irritability resulting in diarrhoea. 
Fishberg (18) enumerates the commonest causes of diarrhoea in tuber- 
culous patients as follows: (1) intestinal ulceration, (2) intestinal 
catarrh, (3) dietetic errors, (4) amyloid degeneration, (5) swallowing of 
sputum, and (6) toxaemia. It is easy to see that any one of these above- 
enumerated causes may produce the classical clinical signs of tuber- 
culous enteritis without the presence of intestinal ulceration. 
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In the largest group of our cases in which disagreement occurred, the 
condition was one of negative clinical and roentgenological findings, and 
autopsy revealed more or less extensive ulceration of the intestines. 
Of these we have 18 listed in group II, table 2, subgroup 2. Although in 
a few instances the cases were not autopsied for many months after the 
roentgenological studies were made, in the great majority of cases the 
interval that elapsed between roentgenological and pathological findings 
was from a few days to two months. ‘The accompanying table shows in 
detail the time interval in each case. 

The following 2 cases and accompanying roentgenographs clearly 
illustrate this entire group of roentgenologically negative and patho- 
logically positive findings: 


Adult male case, no. 16,216, was admitted August 27, 1927 and died January : 
29, 1929. For the past three years he had had advanced pulmonary tuber- 
culosis; Wassermann +-+-+; there was no clinical evidence of tuberculous 
enteritis; roentgenologically the case was negative (see figures 16, 17, 18). 
Autopsy performed 11 days after last roentgenological study showed moder- 
ately extensive tuberculous ulceration, confirmed microscopically, of the duo- 
denum, jejunum, ileum and caecum. The accompanying photograph of the 
ileum and caecum (see figure 19) shows a moderate number of old and recent 
ulcerations in the caecum, and several in the proximal ileum. 


Case no. 17,096 was admitted February 15, 1929, and died March 22, 1929. 
He was a 16-year-old male. Duration of illness, 6 months; active progressive 
bilateral pulmonary tuberculosis. Symptoms or signs of intestinal complica- 
tions were never demonstrated. Roentgenographic studies were negative 
(see figures 20, 21, 22) three days prior to death. Autopsy findings showed, in 
addition to lung changes, recent and old ulcerations of the caecum (see figure 
23) and superficial ulcerations of the ileum. The ulcerations in the ileum were 
found only after microscopic study. The intestinal tract showed no peritoneal 
reaction, and before opening up the gut no pathological process was dis- 
cernible. 


The above group of cases clearly demonstrates that absence of hyper- 
motility and defect in filling does not exclude tuberculous colitis or 
enteritis or a combination of the two. 

In 6 cases, in which the necropsy showed tuberculous ulceration of the 
intestine, no conclusion could be arrived at after careful roentgenological 
studies. The following case-history is illustrative of this group (see 
group II, table 2, subgroup 3): 
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Case no. 9,856, adult male, was admitted August 18, 1928 and died April 
17, 1929. Illness began 8 months before admission; bilateral pulmonary 
tuberculosis with cavitation. ‘Two weeks prior to death, diarrhoea developed. 
Clinically, a positive diagnosis of intestinal tuberculosis was made. The 
roentgen findings were indefinite (see figures 24, 25, 26). Seventeen days 
after last roentgen examination the patient died, and necropsy showed ulcera- 
tion of the ileum, ascending colon and sigmcid. 


In 4 cases in which the roentgenological findings were indefinite, no 
evidence of tuberculous ulceration of the intestine could be found at 
autopsy. The following case illustrates this group (see group II, 
table 2, subgroup 4): 


Case no. 10,033, female adult, was admitted September 21, 1920 and died May 
23,1923. At time of death there was far-advanced bilateral pulmonary tuber- 
culosis. Three months prior to death the patient had marked diarrhoea and 
abdominal cramps, these symptoms persisting until death. Last roentgeno- 
graph, taken 42 days prior to death (see figures 27, 28, 29), was indefinite and 
afforded no assistance in diagnosis. On autopsy no tuberculous ulceration of 
the intestines could be found. 


In short, this combined group of 10 cases (group II, table 2, subgroups 
3 and 4), in which the roentgenological findings were of no assistance in 
diagnosis, includes 6 which showed extensive pathological changes and 4 
which were anatomically negative for tuberculous ulceration. 

In the 4 cases (group II, table 2, subgroup 5), which showed roentgeno- 
logically accepted signs of tuberculous colitis, it was found at necropsy 
that the tuberculous lesions were not in the colon but in the small 
intestines. Two cases showed ulceration in the jejunum and ileum, and 
2 in the ileum alone. Case no. 15,215 illustrates the above group. The 
patient was a young female, admitted July 29, 1927 and died October 
6, 1927. On admission she had far-advanced bilateral pulmonary 
tuberculosis. Clinically the case was considered positive for tubercu- 
lous enteritis. A roentgen diagnosis was positive for colitis (see figures 
30, 31, 32). Forty-six days after last roentgen studies, autopsy was 
performed, and extensive ulceration of the jejunum and ileum was found, 
and tubercles of the serosa of the small intestine. ‘The colon was normal. 

These 4 cases showed positive roentgenological findings of tuber- 
culous colitis, in spite of the fact that on autopsy the lesions were found 
exclusively in the small intestine. We have made repeated attempts to 
localize lesions in the small intestines by means of shadows showing 
dilatations, contractions and spacing, but failed in every instance to 
make a positive diagnosis. 
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SUMMARY 


The literature is reviewed and the technique of Stierlin and Brown and 
Sampson described. This technique we followed. Sixty-seven cases 
were studied, clinically, roentgenologically and at autopsy. We have 
divided these into 2 main groups: (I) those in which the roentgenological 
findings coincided with autopsy findings, which comprises 32 cases; and 
(II) those in which the roentgenological findings were at variance with 
autopsy findings, which contains 35 cases. Group I contains 20 cases 
positive roentgenologically and at autopsy; 5 suspicious roentgeno- 
logically for positive findings, and at autopsy positive; 7 roentgeno- 
logically negative and negative at autopsy. Group II contains 3 cases 
with roentgen pictures of intestinal tuberculosis, but at necropsy no 
tuberculous ulcerations were found; 18 cases with roentgen pictures that 
were normal, but at necropsy we found more or less ulceration in the 
intestines; 6 cases, which at necropsy showed tuberculous ulceration of 
the intestines, but the roentgen findings were indefinite (no conclusions 
could be arrived at after careful roentgenological studies); 4 cases in 
which the roentgen findings were indefinite, but at necropsy the intestines 
were found to be unaffected ; 4 cases in which the roentgenological findings 
indicated tuberculous colitis, but autopsy revealed the lesions to be 
located solely in the small intestines. 

Pathological examination of the intestines should in all cases be 
microscopical as well as gross. Examination of the intestines without 
incising the gut is not to be relied upon, since many of the early ulcera- 
tions involve only the mucosa and submucosa, and are to be detected 
only after opening and washing the intestines. A large number of 
ulcerations not visible macroscopically are to be seen only after careful 
microscopical search. In 13 of our cases that came to autopsy no evi- 
dence of tuberculous ulceration was to be detected until the gut was 
excised and washed, and the mucosa carefully inspected. It must 
be obvious, therefore, that surgical inspection of the intestines zm vivo 
will fail to visualize a considerable number of tuberculous ulcerations. 


CONCLUSION 


On the basis of 67 cases of far-advanced pulmonary tuberculosis, 
studied clinically, roentgenologically and at autopsy in relation to a 
diagnosis of tuberculous ulceration of the intestines, we have found that 
the roentgenological signs usually considered diagnostic of this condition 
were highly unreliable in over 52 per cent of our cases. 
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TO TABLES 


F.A.—far advanced. 

+  —either a positive clinical intestinal finding, or a positive pathological finding, or, when 
used under the heading “Roentgen Findings,” indicates the presence of barium in 
that particular part of the intestine. 

—either a negative clinical intestinal finding, or a negative pathological finding, or, when 
used under the heading “Roentgen Findings,” indicates the absence of barium in 
that particular part of the intestine. 

—irregular filling. 

—partial filling. 

—defective filling. 


—caecum. 

—colon. 
A  —ascending colon. 
Tr —transverse colon. 
D —descending colon. 
T —terminal ileum. 
prb —probable diagnosis. 
sgg —suggestive diagnosis. 
susp—suspicious diagnosis. 
ind —indefinite diagnosis. 
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Fic. 4. Duodenum: marked ulceration and induration; many tuberculous ulcers. 
Fic. 5. Terminal ileum: numerous ulcerations, recent and old. 
Fic. 6. Caecum: extensively ulcerated and indurated; appendix ulcerated 
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Fic. 10. 5 hours: barium in terminal ileum; Fic. 11. 9 hours: residue in ileum; defective filling Frc. 12. 26 hours: traces in rectum; marked hyper- 
colon filled to hepatic flexure; defective filling of of caeco-colon; distal colon filled. motility of intestine. 
caecum. 
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Fic. 16. 5 hours: barium in small intestines; cae- Fic. 17. 9 hours: some barium in terminal ileum; Fic. 18. 26 hours: transverse colon filled; packing 
cum and colon filled. caecum well filled, also transverse colon. of rectum. 


: 
a 
é 
> 
a 
Bo 
95 


M. MAXIM STEINBACH 


Fic. 19. The arrows show old, deep ulcerations of the caecum and proximal ileum. 
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Fic. 20. 5 hours: barium in small intestines and Fic. 21.9 hours: residue in terminal ileum; caecum Fic. 22. 24 hours: streaking throughout colon; 
caecocolon. and transverse colon filled. heavy filling of rectum. 
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Bic. 23. Arrows point to ulcerations. 


Fic. 24. 5 hours: terminal ileum filled, also prox- Fic. 25. 9 hours: terminal ileum contains residue; Fic. 26. 24 hours: colon practically empty. 
imal colon and caecum. caecum and colon filled. 
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Fic. 30. 5 hours: barium in terminal ileum; cae- Fic. 31. 9 hours: terminal ileum filled; distal Fic. 32. 26 hours: colon empty; marked hyper- 
cum empty. transverse colon filled. motility. 
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THE EFFECT OF RACHITIC DIETS ON EXPERIMENTAL 
TUBERCULOSIS! 


III. RESISTANCE TO TUBERCULOSIS DECREASED BY ADDING 
CODLIVER OIL 


AGNES H. GRANT 


In our report upon the effect of a deficiency of vitamin D upon the 
progress of tuberculosis in white rats (1) we suggested that the addition 
of vitamin D to the diet does not increase resistance to tuberculosis under 
all conditions. An examination of the diet used in this study shows that, 
although the addition of codliver oil, the source of vitamin D used in our 
experiments, to the diet of normally fed rats enables them to withstand 
large subcutaneous doses of tubercle bacilli (2), three of the cases of 
tuberculosis cited resulted after codliver oil was added to the diet. Two 
of the tuberculous rats were from the fourth litter of a rat that had been 
given codliver oil for all four litters; and one was from the fifth litter of a 
rat that had had vitamin D and had been given codliver oil for the fifth 
litter. 

Further studies on the value of codliver oil in the treatment of tuber- 
culosis confirm the results quoted above; that, while the addition of 
vitamin D to an adequate diet increases resistance to tuberculosis the 
addition of vitamin D to a diet that has been markedly deficient in this 
factor rapidly lowers the resistance. The result of these studies justify 
the tentative conclusion that some other factors than an abundance of 
calcium and vitamin D in the diet are needed to increase a lowered 
resistance to tuberculosis. In the course of this investigation we find 
that increasing the calcium of a diet that has been deficient in both 
calcium and vitamin D also fails to increase a lowered resistance to 


tuberculosis. 
EXPERIMENTAL 


Series I, Inoculated in May and June, 1925 


This study was begun after a coJd and gloomy winter, during which 
even first-litter rats developed slight rickets when kept on diets that were 


1 From the Research Laboratories of the City of Chicago Municipal Tuberculosis Sani- 
tarium, Chicago, Illinois. 
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deficient in vitamin D alone (1). Rats raised during the winter months 
on our standard cereal-bone diet, with the addition of skim milk fed 
ad libitum, were used for breeding. The milk added enough vitamin D 
to the diet, together with additional calcium and phosphorus, to prevent 
the development of rickets in the first generation. 

These rats were kept in open cages, and in a well-lighted laboratory, 
until after the young were weaned. The young were kept in open cages 
for the duration of the experiment, as it was thought that the light of late 
spring and summer months would offset the tendency of all but the most 
deficient rats to develop rickets. 

The breeding rats were divided into three groups when mated, and 
were given three variations of the standardized basic diet that was used 
in all rickets and tuberculosis studies. This diet consists of whole- 
wheat flour 15 Ibs., oatmeal 10 lbs., yellow corn-meal 10 lbs., linseed-oil 
meal 3.3 lbs., bone-meal 100 gm. and salt (NaCl) 100 gm. Yeast was 
given daily to all rats. 

Group A received the basic diet with an addition of codliver oil three 
times a week. This addition of vitamin D was given to bring the mothers 
back to normal, and to ensure a normal amount of vitamin for the young. 

Group B received the basic diet without the addition of codliver oil. 
As this diet was deficient in vitamin D it tended to lower the mother’s 
vitamins still further and to make the young more deficient than the 
mothers had been. 

The mothers in group C received the basic diet when they were mated, 
and the bone-meal was taken from the diet 3 to 5 dayslater. Decreasing 
the calcium of the diet increased the amount of vitamin D necessary for 
their own maintenance and for the growth of their rapidly developing 
young (3) (4). As the basic diet was already partially deficient in 
vitamin D, decreasing the calcium tended to make this diet very deficient. 

The growth-curves of these young and their susceptibility to rickets 
depended upon the adequacy of the mother’s diets more than upon their 
own weights at weaning age. At 21 days there were very slight differ- 
ences in the average weights of the young of these three groups, not 
enough to even partially account for the wide variation in their growth- 
curves and in their susceptibility to rickets. In group A the five litters 
used averaged 27.7, 23.5, 24.1, 18.8 and 27.9 gm. when weaned. In group 
C the four litters used averaged 17.8, 24.2,22.2,and20.9gm. (IngroupC 
the fourth litter used was from a mother that had been receiving extra 

vitamin before mating for this series.) 
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Each litter of the three groups was divided into three parts at 21 days, 
and the young were given the three variations of the basic diet the 
mothers had received. The litters were further subdivided into the 
inoculated series and their diet controls, and were kept in their respective 
laboratories. 

The inoculated rats were transferred to the tuberculosis laboratory 
as soon as possible after they were weaned, and were injected with 0.2 
mgm. of the strain of bovine bacilli used in our previous studies, sub- 
cutaneously in the left groin. 


TABLE 1 
Series I: Showing that a marked deficiency of vitamin D makes young rats susceptible to tuber- 
culosis, and that the addition of codliver oil after inoculation does not retard the spread of the 
disease. Inoculated May 12 and 23, and June 2. Diet of the mother: cereal-bone diet. 
Diet of the young: cereal-bone diet 


NUMBER WEIGHT TUBERCULOSIS IN LUNGS 


At At Bac- 
Of In At 21 . At . At ° Patho- 
mother | litter | days pond death —o death Smear logical logical 


44 33.9} 111 96| 156} 206 |++++ 
45 22.9 85 79 | 117 | 120 | +++ 
46 Died day after inoculation 
46 15.3 74 58 | 156 | 204 |++++ 
47 19.5 64 47} 128)172 |++++ 


Diet of young: cereal-bone, with codliver oil 


134F | 44 33.9 | 191 | 191 | 205 | 205 
135F | 45 8 | 22.9] 166] 166} 202 | 205 
136F | 46 | 11 |15.3| 144] 144] 142 | 142* 
137F | 47 10 |19.5| 125| 125] 142 | 142* 
138M] 47 10 | 19.5} 181 | 181 | 205 | 205 
139F | 48 8 |19.5}| 158} 158] 187 | 185 


* Killed by accident. 


The Extent of Tuberculosis in the Young from Group B, the Basic Diet 
without Extra Vitamin 


The young from group B that received diet B, the low-vitamin diet, 
were far below normal in both growth and resistance (5), even though 
they were kept in well-lighted cages. One died three months after 
inoculation with marked rickets but without any signs of tuberculosis. 
The three that lived for more than three months after inoculation 
developed severe rickets. 


Of rat 
120 M 
121 M 
122 F ++ 
123M ++ 
| | + [++ 
| | + 
| - | + | ++ 
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One of these three did not show any evidence of tuberculosis in either 
the local area or in thelung. This rat had been above normal in weight 
at 21 days and was from a small litter. The other two were badly 
infected with tuberculosis. The smears from the lungs were positive, 
and the findings were confirmed by a study of the sections. In both 
cases the tuberculosis was extensive, and was of the diffuse type, as 
described in Study I. There were lesions in the lungs that were sugges- 
tive of tuberculosis, even upon gross examination. 

Decreasing the calcium of the diet of the young in group B made them 
so susceptible to a deficiency of vitamin D that they died within a few 
weeks after inoculation with severe rickets. These rats all died before 
they had time to develop tuberculosis except at the local lesion. 


TABLE 2 
Series I: Showing that increasing the calcium of a diet that was deficient in both calcium and 
vitamin D does not protect young rats from tuberculosis. Inoculated June 2. Diet 
of mother: cereal diet without bone-meal. Diet of young: cereal-bone diet 


NUMBER WEIGHT AGE TUBERCULOSIS IN LUNGS 


RICKETS 
Of In Bac- | patho- 


mother | litter Smear | terio- 


Of rat 
logical logical 


124M/ 49 | 7 | 20. ++ | ++ 


125M | 49 7 + | ++1]4++4+ 


* Compare with weights of table 1. 


Giving codliver oil to the young from group B protected them from 
rickets, but it did not protect them from the spread of tuberculosis. 
Three out of the six in this group developed tuberculous lesions in their 
lungs. The smears from the lungs were negative, while the sections were 
definitely positive. Two were of a chronic type, and one of a diffuse 
type. The lungs were normal in appearance, except for a few small 
miliary spots, and there were no signs on the surface of the lungs to 
suggest that the tuberculous lesions were extensive. 


The Extent of Tuberculosis in the Young from Group C, the Basic Diet 
without Bone-Meal 


The young from group C were so susceptible to a deficiency of vitamin 
D that, when they were kept on the low-calcium diet, they died with 
severe rickets within a few weeks after inoculation. These rats died 
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before they had time to develop tuberculosis, except at the site of 
inoculation. 

Former studies have shown us that it is very difficult to raise these 
young when calcium is added to the diet at 21 days and the vitamin 
content is kept very low. They develop a peculiar curvature of the 
spine, a sharp bend in the cervical region, and die before any further 
signs of rickets have time to develop. Four of the 6 young from group C 
that were given diet B died within a few weeks after inoculation, with this 
peculiar curvature of the spine. 

Only two of the young in this series lived more than a few weeks after 
inoculation. One with severe rickets died four months after inoculation. 
The other was killed five months after inoculation to terminate the ex- 
periment. It was twice the weight of its mate, and was heavier than 
any from group B that were given this diet. Examination showed that 
it had developed a less marked case of rickets than any of these. There 
were knobs in the ribs, and the costochondral junctions were swollen, 
but the contour of the ribs was unchanged. 

Of these two rats one showed signs of extensive tuberculosis of a 
diffuse type in the sections and the smear from the cut-surface of the lung. 
The other showed the chronic form of the same type of tuberculosis, the 
chronic type described in Study II (1). The smear from the lungs was 
negative but the sections were positive. In both cases there were lesions 
in the lung that were strongly suggestive of tuberculosis, even upon 
gross examination. 

As the mother of these two resistant young had received codliver oil 
before mating they are not comparable with any of the other rats in this 
series. They were kept because they illustrate the effect upon the 
progress of tuberculosis of raising the calcium of a diet which has been 
deficient in both calcium and vitamin D. 


The Extent of Tuberculosis in the Young from Group A, the Basic Diet 
with Codliver Oil 


Giving an abundance of codliver oil for the 42 days of pregnancy and 
lactation to mothers that had been born during a gloomy winter, and 
raised to maturity on a low-vitamin diet, did not entirely protect the 
young from the effects of deficient diets. 

The young that were given the low-calcium, low-vitamin diet grew 
more slowly than they should, judging from work of the previous summer. 
Even the most resistant died with severe rickets before the termination 
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of the experiment. One of the rats died before there was time for tuber- 
culosis to develop in the lungs. The lung smears of the six that lived 
for more than three months were negative, but the sections were positive 


TABLE 3 
Series I: Showing that the addition of codliver oil to the diet of both mothers and young does not 
protect the young when the diet has been very deficient in vitamin D. Inoculated May 23 and 
June 2. Diet of mother: cereal-bone diet with codliver oil. Diet of young: cereal diet without 
bone-meal 


NUMBER TUBERCULOSIS IN LUNGS 


At At — Bac- 
At 21 At At Patho- 
maxi- maxi- Smear | terio- 
days mum mum death logical logical 


27.7 | 116 86 | 117 | 154 |4++4++ + 
23.5 51 51 84) 8 |++4+ = 
23.5 53 53 | 112] 112 |++++ 
24.1 68 59 | 129 |++++ 
18.8 75 56 | 116} 134 j|++++ 
18.8 81 56] 170 |++++ 
27.9 94 84; 113 | 151 |++++ 


Diet of young: cereal-bone diet 


27.7 | 170| 170} 201 | 201 
23.5 | 123 | 123 | 196 | 196 
23.5 | 103 | 103 | 196 | 196 
24.1 98 90 | 190 | 190 
18.8 | 142} 142 | 186} 186 
18.8 | 134] 134] 186] 186 
27.9 | 162 | 162] 183 | 183 


+1 +++4+4+ 


Diet of young: cereal-bone diet with codliver oil 


23.5 | 244| 224] 196 | 196 
23.5 80 80 78 | 78* 
24.1 | 190 | 190 
24.1} 224); 224 | 190 
24.1; 175 | 174| 176 | 190 
18.8 | 112} 112 86 | 86* 
18.8; 114] 114 86 | 86* 
27.9 | 183 | 183 | 183 | 183 


126M 
127 F 
128 F 
129M 
130 M 
131 M 
132 M 
133 F 


an oo 


* Killed by accident, 


for tuberculosis in four cases,—two chronic in type, and two diffuse. In 
all 4 cases there were lesions in the lungs that were strongly suggestive 
of tuberculosis, even upon gross examination. 

Six of the seven that were given the low-vitamin diet developed slight 


i 
Of rat 
88M] 34 4 + 
89M | 35 8 
90 F 35 8 - 
91 F 36 6 
92 F 37 9 + 
93 F 37 9 + 
94 F 38 5 + 
112M} 34 7 
113M | 35 8 
114 F 35 8 
115 F 36 6 
1146M| 37 | 9 
117M | 37 | 9 -|-|- 
118F | 38 | 5 —-|-|- 
35 -/-|- 
35 - 
36 = = = 
36 = = 
37 = 
37 
38 | + | ++ 
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rickets, and one seemed to be normal. None of the rats developed any 
signs of tuberculosis in the lungs. 

Giving an abundance of codliver oil completely protected the young 
from rickets, but not from tuberculosis. Three of the rats were killed by 
accident two months after inoculation. The lung smears of the five 
that were chloroformed five months after inoculation were negative. 
The sections were negative in four cases, and positive in one. In this 
the tuberculosis was both chronic and extensive, although there were no 
gross lesions to show that the lungs were affected, except for a few tiny 


miliary spots. 


Series II, Inoculated in August, 1925 


In series II we repeated the work of series I, with the one exception 
that the summer months had increased the resistance to rickets. The 
second litter of the mothers of series I that had raised their first litters on 
diet B and had been returned to the cereal-bone, skim-milk diet, were 
used. They were given the three variations of the standardized cereal 
diet that were used in series I when they were remated in July. 

The young were born during the first two weeks in August. After they 
were weaned at 21 days they were transferred to the tuberculosis labora- 
tory and were inoculated with 0.2 mgm. of the strain of bovine bacilli 
used in series I, subcutaneously in the left groin. As other rachitic 
studies were being run during the summer and fall months no diet controls 
were kept for this series. 

These rats were more resistant to rickets than those in series I, although 
they were more susceptible than the young from normal mothers. Their 
resistance to tuberculosis followed the results of series I very closely. 
Decreasing vitamin D sufficiently or decreasing vitamin D and calcium 
made the young rats susceptible to tuberculosis. The addition of cod- 
liver oil to diets that had been deficient in vitamin D increased the 
susceptibility to tuberculosis in this series even more than it had in 


series I. 
The Extent of Tuberculosis in the Y oung from Diet B, the Low-Vitamin Diet 


Four of the young from group B that received the low vitamin diet 
developed either marked or severe rickets. One grew more rapidly than 
the rest and developed comparatively slight rickets. This rat developed 
chronic tuberculosis of the lungs, although there were no gross lesions on 
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the surface to indicate that the lungs were tuberculous. The other four 
sections were negative. 

The young that received the low-calcium, low-vitamin diet died of 
severe rickets before there was time for tuberculosis to develop in the 
lungs. 

Of the three young that received codliver oil two were normal and one 
was tuberculous. In this case there were no gross lesions on the surface 


TABLE 4 
Series II: Showing that a lowered resistance to tuberculosis is not entirely offset by favorable 
weather conditions. (Room light.) Inoculated September 16. Diet of mother: 
cereal-bone diet. Diet of young: cereal diet without bone-meal 


NUMBER WEIGHT AGE TUBERCULOSIS IN LUNGS 
At At RICKETS ie 

Of Of At 21 A A Patho- 

Of rats | mother | litter death death Smear lovical 
145M | 52 7 | 22.4 69 60 71; 102 - - 
146M 52 7 | 22.4 56 54 97 | 104/++++/] 
147 F 52 7 | 22.4 72 63 71 | 101 |++++] 
148 F 53 6 | 24.5 62 54 68 83 
149M | 53 6 | 24.5 68 56 85 +++] 

Diet of young: cereal-bone diet 
157M | 52 7 | 22.4} 104 82] 
158 F 52 7 22.4 89 89; 188; 198} +++] - 
159 F 53 6 | 24.5]; 111} 111] 185) 195 + - 
160 F 53 6 | 24.5 88 67 |} 123 | 181 /++++/] 
161M | 53 6 | 24.5 58 55 106; +++] 
Diet of young: cereal-bone diet with codliver oil 

164M | 52 7 | 22.4] 192| 185] 188} 198 
165 F 52 7 | 22.4} 160; 198; 198 
166M | 53 6 | 24.5] 285} 284} 185} 195 + + 


of the lungs, not even the scattered miliary spots that usually prove to 
be tuberculous. 


The Extent of Tuberculosis in the Young from Group A, the Basic Diet 
with Codliver Oil 


Two of the five young from group A that received the low-calcium, 
low-vitamin diet developed chronic tuberculosis of the lungs. In one 
the lungs seemed to be perfect, with no gross lesions on the surface to 
indicate that they were tuberculous. In the second there were lesions 


\ 
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in the lungs that were definitely tuberculous, even upon gross examina- 
tion. These two rats were among the heaviest in the group. 

The three young that were given the low-vitamin diet were badly 
infected with a chronic type of tuberculosis. In one there were a few 
scattered miliary spots on the surface of the lungs, and in two the surface 
of the lungs seemed to be perfect, with no gross lesions to indicate that 
they were tuberculous. 

Upon the cut-surface the miliary spots, found in the rats receiving 
codliver oil and in many of those receiving an excess of vitamin D 


TABLE 5 
Series II: Showing that the addition of codliver oil to a diet that has been deficient in vitamin D 
does not increase the resistance to tuberculosis. Inoculated September 16. Diet of mother: 
cereal-bone with codliver oil. Diet of young: cereal without bone-meal. 


NUMBER WEIGHT AGE TUBERCULOSIS IN LUNGS 


. maxi- maxi- mear | terio- 
mother mum mum | death logical 


Patho- 
logical 


50 113 187 | 197 
50 143 187 | 197 
51 109 158 | 189 
51 102 109 | 150 
51 ; 108 158 | 189 


Diet of young: cereal-bone 


154M 41.0} 250} 250; 197 | 197 
156 M 23.4 | 238) 238; 191] 191 


Diet of young: cereal with codliver oil 


1630 | 23.4 175 | 175 | 11 | — | 


through the mother’s diet, were definitely circumscribed, and were 
surrounded by normal-appearing lung. Microscopically these areas 
were seen to be composed of clusters of large, lightly-staining endothelial 
phagocytes, which contained, in some cases, acid-fast bacilli within them. 
These endothelials were surrounded by a definite zone of round cells, 
together with growing fibrous tissue (see figure 1). On this completely 
unbalanced diet, on which the rats were large and well developed, the 
histological picture of pulmonary tuberculosis most nearly reached that 
of the human host. 

One of the rats receiving codliver oil showed lesions of the diffuse stage 


______} {| ___ssf__ 
Of rats || 
141 F + +*| + + 
142M —-| - 
143 M ++4++| - | - | - 
144 F | - | - 
+/+ 
-|+]4 
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of the form of tuberculosis described above. This form is deep-seated, 
and often there is little or no evidence of the extent of the lesions on the 
surface of the lung. 


Fic. 1. TUBERCLE-FORMATION IN CHRONIC PULMONARY TUBERCULOSIS IN RATS t 


The Extent of Tuberculosis in the Young from Group C, the Basic Diet 
without Bone-Meal 


The litter from group C was not comparable with the other groups of 
series II, as the mother had had codliver oil for her first litter. It was 
kept because it illustrates the fact, which group C of Series I had sug- 
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gested, that increasing the calcium of a diet which had been low in both | 
calcium and vitamin D does not protect the young from tuberculosis. 

The four young that were kept on the low-calcium, low-vitamin diet 
died 2.5 and 3 months after inoculation, one with marked rickets and 
three with severe rickets. In one the smear from the lungs was positive 
for tuberculosis, but the finding was not confirmed by the sections. The 
other three smears and sections were negative for tuberculosis. 

The one that was given the low-vitamin diet died three months after 
inoculation with a marked case of rickets. There were lesions in the 
lungs that were definitely tuberculous. The sections were positive for a 
diffuse type of tuberculosis. 


TABLE 6 
Series II: Showing that increasing the calcium of a diet which has been deficient in both calcium 
and vitamin D does not protect young rats from tuberculosis. Inoculated September 16. 
Diet of mother: cereal without bone-meal. Diet of young: cereal without bone-meal. 


NUMBER WEIGHT AGE TUBERCULOSIS IN LUNGS 


At RICKETS 
f At At Patho- 

Of rats maxi- Smear | terio- 
econ death death logical logical 


124 |++++| 
112 |++4++/ + | - 
os | 105 |+4+++) | 
76| 92| +++ 


150 F 
151 F 
152 M 
153 M 


ME 


Diet of young: cereal-bone 


}24.4| st | 49 | 96] 110| +++ | 


DISCUSSION 


In both this and former studies (1) (2), we find that decreasing the 
vitamin D of the diet sufficiently, or decreasing the vitamin D and 
calcium, changes the reaction of young rats to tuberculosis from a com- 
parative immunity to a susceptibility. Now we find that the addition 
of codliver oil to diets that have been deficient in vitamin D further 
decreases resistance to tuberculosis. We also find that increasing the 
calcium of diets that have been deficient in both calcium and vitamin D 
does not increase a lowered resistance to tuberculosis. 

We are working on a theory that throws light upon this apparent 
contradiction between diet and the extent of tuberculosis, in several 
studies which we are running concurrent with our investigation on 


54 | 244.41 77 | 62 | 1 
34 24.4] 64 | 55 = 
34 24.4| 74 | 61 
54 | 24.4] 53 | 45 
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tuberculosis in rats. The bulk of this work is being carried out with 
guinea pigs, as they are very susceptible to changes in the calcium and 
vitamin content of their diets. 

Guinea pigs are very susceptible to a deficiency of vitamin C, and, in 
studies which we are making upon the resistance of guinea pigs to 
tuberculosis, we find that there seems to be a definite relationship between 
calcium, vitamin C and vitamin D in normal diets. In these studies we 
find that a decided disturbance in the ratio which should exist between 
calcium and the two vitamins in the diet produces more serious results 
than a maintenance of the balance at a low level (6). In studies with 
bacteria of low resistance we find that an excess of vitamin D decreases 
the resistance of the intestines, and favors the rapid growth of bacteria 
in the lungs (7). 

Rats are not usually susceptible to a deficiency of vitamin C in their 
diet; but we find that even in rats there is a close relationship between 
calcium and the two vitamins that seem to control calcium metabolism. 
In an extended study on rickets (8) we find that rickets is cured more 
completely when both vitamin C and vitamin D are added to the diet, 
after the calcium factor has been adjusted, than when vitamin D alone 
is added. 

In our tuberculosis problem we find that the relation between calcium, 
vitamin C and vitamin D seems to be as definite when we are dealing 
with tuberculosis as it is when we are dealing with rickets. The balance 
between calcium and the two vitamins is not restored when codliver oil 
is added to the diet after the calcium metabolism has been upset by a 
deficiency of vitamin D. The addition of codliver oil to the diet of 
either the mother rat or the young, or to both mothers and young, seems 
to further disturb the balance of the calcium metabolism of all but the 
bony structures. It decreases the susceptibility to rickets in the young 
when given to the mother and it prevents the development of rickets when 
given to the young; but it decreases the resistance to tuberculosis. 

The addition of calcium to a diet which has been deficient in both 
calcium and vitamin D does not seem to restore the balance which should 
exist between calcium, vitamin C and vitamin D. As this addition 
restores the calcium without increasing the vitamins that control calcium 
metabolism, it further upsets an already unstable relation between the 
three factors. 

The type of tuberculosis which develops on rachitic diets and on diets 
with an excess of codliver oil differs somewhat. With the rachitic diets 
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it is comparatively easy to demonstrate the lesions of tuberculosis, and to 
select the parts of the lungs which are most likely to harbor the bacilli. 
There are usually areas which are definitely tuberculous. 

It is very difficult to demonstrate the lesions in the lungs of rats that 
have received what seems to be, at first glance, very good diets. These 
rats are always in good condition, and their lungs are normal in appear- 
ance. In some the only gross indication that the lungs are not perfect 
are a few small dark spots scattered over the surface. These spots do not 
always prove to be tuberculous, and in the infected lungs they do not 
give any hint of the extent of the lesions. In others there are no gross 
lesions of any description to suggest that the lungs are tuberculous. The 
tubercle-formation of this type of lesion is more suggestive of human 
tuberculosis than the types brought on by simple deficiencies. 

In series II some of the badly infected rats showed the more rapid 
growth that was noticed in former studies (1) (2). 


CONCLUSIONS 


1. The addition of codliver oil to diets which have been very deficient 
in vitamin D decreases a resistance to tuberculosis that is already below 
normal. 

2. The addition of calcium to diets which have been deficient in both 
calcium and vitamin D does not seem to retard the development of 
tuberculosis in the lungs. 


The experiments described in this paper were worked out at the Medical College of the 
University of Cincinnati with the codperation of Dr. J. A. Bowen and D. E. Stegeman, and 
were checked at the Chicago Municipal Tuberculosis Sanitarium. 
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THE EFFECT OF RACHITIC DIETS ON EXPERIMENTAL 
TUBERCULOSIS! 


IV. EFFECTS OF DISTURBING OPTIMAL RATIO BETWEEN CALCIUM, 
VITAMIN C AND VITAMIN D 


AGNES H. GRANT 


A long series of studies with white rats shows that their resistance to 
tuberculosis can be largely dependent upon the maintenance of an 
adequate ratio between the calcium, vitamin C and vitamin D of the 
diet. Rats are naturally very resistant to tuberculosis, and in our first 
report (1) we showed that they can be made immune to large subcu- 
taneous doses of tubercle bacilli by giving an adequate diet both before 
and after inoculation. In this report we showed that deficiencies of both 
calcium and vitamin D in the diet make white rats so susceptible to 
tuberculosis that they develop lesions in the lungs when given com- 
paratively small subcutaneous doses of tubercle bacilli. 

In our second report (2) we showed that a prolonged deficiency of 
vitamin D alone favors the development of a chronic type of tuberculosis 
in the lungs. A long gloomy winter, with very little sunny weather, 
increased the need for vitamin D in the diet of our rats, and accentuated 
the results of a deficiency. By spring the animals were so susceptible 
that the interval before the lesions of tuberculosis could be demonstrated 
in the lungs was shortened, and the type of rickets which developed 
because of the deficiency of vitamin D was affected. 

In these two studies the lungs of the infected rats were partially con- 
solidated, with small areas that were tuberculous, even upon gross 
examination. There were no distinct gross tubercles, as in a guinea pig’s 
lungs, and the diagnosis was based entirely upon microscopic examination. 

In our third report (3) we showed that, after rats have been made 
susceptible to tuberculosis by prolonging the deficiency of vitamin D in 
the diet, their natural immunity is not restored by the addition to the 
diet of codliver oil. They are made very resistant to rickets, but their 
susceptibility to tuberculosis is increased. This work confirmed an 


1From the Research Laboratories of the City of Chicago Municipal Tuberculosis 
Sanitarium, Chicago, Illinois. 
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observation made in our second report, that a prolonged excess of vitamin 
D in the diet of the mother, or the addition of this vitamin after a pro- 
longed deficiency, decreased the resistance of young rats to tuberculosis. 

The addition of codliver oil to diets which had been deficient in this 
factor changed the type of infection in the lungs. Instead of being 
partially consolidated, with areas that were grossly tuberculous, these 
lungs were large and well developed, with no areas of congestion or 
consolidation. In some the only visible lesions were a few dark miliary 
spots scattered over the posterior surface, and in some there were no gross 
lesions of any kind. Yet some of these lungs were filled with extensive 
and deep-seated lesions of tuberculosis that were very suggestive of the 
tuberculosis of the human host when examined microscopically. 

In this report we suggested that the addition of vitamin D to the diet, 
after a prolonged deficiency of this factor, accentuates the need of white 
rats for vitamin C, and makes them susceptible to a deficiency; and that 
this combination of abundance and deficiency increased the susceptibility 
to tuberculosis. Our work with tuberculosis in guinea pigs (4) shows that 
an excess of vitamin D is harmful whenever there is even a comparative 
deficiency of vitamin C. These studies show that vitamin C influences 
the course of tuberculosis to such an extent that the disease cannot be 
successfully treated unless there is an abundance of this factor in the 
diet. A deficiency of vitamin C, or even a comparative deficiency, in the 
diet of guinea pigs favors the rapid spread of tuberculosis to the lungs. 
There was less tuberculosis among our guinea pigs when vitamin C and 
vitamin D were adequately balanced than when either was deficient, or 
when vitamin D was present in excess. 

We now seek to find out whether we can produce, by prolonging the 
deficiencies and excesses of calcium and vitamin D in the diet, lesions in 
the lungs of white rats that resemble the tubercles of the human host 
grossly as well as microscopically, and whether or not prolonged deficien- 
cies and excesses in the diet can be corrected after inoculation by re- 
balancing calcium, vitamin C and vitamin D. 

We find that the diet before inoculation has a decided influence upon 
the resistance of the rats after inoculation. The prolonged excesses and 
deficiencies of vitamin D and calcium lower the resistance so much that 
it is not always possible to modify the course of tuberculosis by correcting 
the diet at the time of inoculation. The degree to which the rats can be 
protected depends both upon the length of time the diet has been un- 
balanced and upon the type of disturbances in the diet. 


~ 
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EXPERIMENTAL 


The four types of deficient diets studied in this investigation are not 
comparable with each other, since all the deficiencies and excesses were 
not begun at the same time. 

Each group was studied as a separate unit, and the additions to the 
diet were planned to correct, either partially or completely, the founda- 
tion diet used. The rats kept on the same diets as the mothers were 
used as the controls for each group. 

The foundation diets used in the four groups were: 


: Adiet adequate in calcium and deficient in vitamin D. 
: A diet adequate in calcium and excessive in vitamin D. 
: A diet deficient in both calcium and vitamin D. 

: A diet deficient in calcium and excessive in vitamin D. 


Fic. 1. Gross TUBERCLE-FORMATION IN LUNGS OF Rats 


The basic diet used throughout consists of whole wheat flour 15 Ibs., 
yellow corn-meal 10 lbs., linseed-oil meal 3.3 Ibs., oatmeal 10 Ibs., and 
salt (NaCl) 100 gm. For additional calcium 200 gm. of bone-meal were 
added to the formula given above, and for additional vitamin D open 
dishes containing codliver oil were kept in the cages, and replenished three 
times a week. The codliver oil was given ad libitum. The degree of 
deficiency of vitamin D depended partly upon the length of time the 
rats were kept on the diet (5), and partly upon the amount of calcium 
in the diet (6). Yeast was given three times a week to provide an 
abundance of vitamin B. 

The young were inoculated at 21 days with 0.2 mgm. bovine tubercle 
bacilli, subcutaneously in the left groin. No diet controls were kept, 
but two from a fifth generation on the deficient calcium, excessive 
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vitamin-D diet were kept with the inoculated rats, to see whether the 
resistance to tuberculosis had been lowered so much by their unbalanced 
diet that the disease became contagious. 

All rats, except those on the deficient calcium, excessive vitamin-D 
diet, were kept in darkened cages both before and after inoculation. 
The rats were killed, and examined for tuberculosis during the week of 
December 23, 1925, three to five months after inoculatidn. A gross 
examination of a]l organs was made, and microscopic studies were made 


of the lungs. 
TABLE 1 
Showing that (1) the addition of vitamin C alone to a diet which has been deficient in vitamin D 
does not increase the resistance of white rats to tuberculosis, and (2) the addition of vitamin C 
and vitamin D rebalances this diet and makes white rats resistant to tuberculosis. Control 
diet: deficient in vitamin D and adequate in calcium. 


| DEFICIENT IN VITAMIN D; EXCESSIVE 
CONTROL DIET | IN VITAMIN C CONTAIN BOTH VITAMINS C AND D 


| \ 
Number | Weight | Age | faci | Number Weight | Age | o- Number | Weight Age Seer 


grams days | grams | ys | grams days 
141 | 140 | | 6M | 134 | xx | 11M | 165] 146 

12M | 140 
161} 146; x | 8M | 100] 13M | 192] 140 | 
101 | 144 | | 9M | 146 | xx | 14M 185] 144 | 
118 | 140) 10 M 93 | xx |15M | 172! 146 


| 

1F | 
2F | 140} | 7M] 118 | 

| 

| 

| 

| 


3F 
4F 
5F 


* Paralyzed hind legs. 
Young weaned and inoculated August 25, 27 and 31; killed December 28. 
Average weights at 21 days: 22.2, 23.3 and 22.3 gm. 


Legend for Lung Involvement 


= Free from tuberculosis. 
A few scattered red spots or a few tiny tubercles. 
Numerous red spots or red spots and scattered tubercles. 
Numerous tubercles. 
Large, very numerous, or confluent tubercles. 


Group I: Diet, Adequate in Calcium and Deficient in Vitamin D 


The young for this group were taken from first litters of mothers that 
had been raised in darkened cages, and on the cereal diet with calcium, 
but without additional vitamin D. The rats were not deficient enough 
in vitamin D to develop rickets (5), but as they were second-generation 
rats raised on this diet they were classified as deficient. 

In this group the value of orange, and of orange and codliver oil, 
given at the time of inoculation to supplement a diet that was deficient 
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in vitamin D, was studied. Five rats were kept on the diet given to the 
mothers, five were given 10 cc. of orange juice three times a week in 
addition, and five were given 10 cc. of orange juice and codliver oil ad 
libitum, three times a week. 

In the control set, the set that was deficient in vitamin D, there was 
one rat that could be diagnosed as tuberculous, from both gross and 
microscopic findings. There were a few tiny, but definite, tubercles in 
the left lobe of the lungs. The right lobe was normal. The lungs of the 
other four showed areas of congestion, but no gross signs of tuberculosis. 
The microscopic sections were negative. 

In the group that received orange as the only addition to the foundation 
diet one of the smaller rats dragged its hind legs, and was losing in weight. 
There were no gross signs of rickets, and no microscopic examination 
was made. The lungs seemed free from lesions of any kind, and the 
sections were negative for tuberculosis. In one rat there were a few red 
spots on the posterior surface of the lungs. The section was positive 
for tuberculosis. In three there were a few tiny, but definite, tubercles,— 
from three to four in each lung. 

In the set that received both orange and codliver oil there were no 
signs of tuberculosis, either on gross examination or on study of the 
sections. 


Group II: Adequate in Calcium and Excessive in Vitamin D 


Third litters, raised in darkness and on the cereal bone diet with codliver 
oil, were used for two of the diets studied, and fourth litters for three diets, 
so that more than one rat from a litter could be used in each set. With 
the third litters we tried to show that substituting vitamin C for vitamin 
D at the time of inoculation made the young more susceptible to tuber- 
culosis than having both vitamins deficient after inoculation. Fourth 
litters were used to study the effect of balancing the excess of vitamin D 
with vitamin C after inoculation. In this group vitamin C was the 
only one of the three factors studied needed to make the diet adequate. 

A comparison of these litters with the third litters shows that the 
substitution of vitamin C for vitamin D at the time of inoculation makes 
the young as susceptible to tuberculosis as leaving the vitamin D exces- 
sive. The addition of vitamin C to the diet with excessive vitamin D 
at the time of inoculation seems to increase the resistance to tuberculosis 
somewhat. That the low resistance shown in this group with the 
corrected calcium-vitamin balance is due mainly to the excess of vitamin 
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D given before inoculation is shown by the fact that the rats are as 
susceptible when the excess vitamin D is discontinued at the time of 
inoculation. They are more susceptible than they should be on this diet, 
even with a prolonged deficiency of vitamin D before inoculation. (See 


group I.) 
TABLE 2 
Showing that a prolonged excess of vitamin D in the diet makes white rats susceptible to tuberculosis. 
The substitution of vitamin C for vitamin D at the time of inoculation does not decrease this 
susceptibility to tuberculosis. The addition of vitamin C at the time of inoculation to the diet 
with vitamin D decreases the susceptibility to that tuberculosis due to the prolonged excess of 
vitamin D before inoculation. Control diet: excessive in vitamin D and adequate in calcium, 


DEFICIENT IN VITAMIN D AND 
CONTROL DIET DEFICIENT IN VITAMIN D EXCESSIVE IN VITAMIN C 


Tuber- 


Weight | Age Number | Weight} Age — Number | Weight | Age 


grams grams | days grams 
170 26 F 143 | 179 31 F 109 
137 27 F 117 | 179 32 F 108 
146 28 F 104 | 129 33 F 121 
141 29 F 81 | 179 34 F 102 
138 30 F 135 | 175 35 F 112 


Contains Vitamin D and Vitamin C 


ORANGE 


Number Weight Age Tuberculosis Tuberculosis 


grams days 
46M 228 127 
47M 161 127 
48 M 165 122 
49M 178 122 
50 M 156 122 x 
57M 166 122 x 


* Spleen large and filled with tubercles. 

Young weaned and inoculated: third litters, July 17, 17 and 20; killed December 23. 
Average weights at 21 days: 25.7, 26.6 and 33.3 gm. 

Fourth litters: September 12 and 18; killed December 28. Average weights at 21 days: 
22.3 and 18.8 gm. 


In the group receiving the cereal-bone diet without either orange or 
codliver oil, the smallest had a slight case of rickets. The lungs were 
free from gross signs of tuberculosis, and the section was negative. In 
three rats there were a few small red spots in every lobe of the lungs, and 
in one there were a few small tubercles, with necrotic centres, in each 
lobe. 


| 
|__| 
Number 
36 F 179 | xxx 
37 F 179 | xxx 
38 F 179 | xx 
39 F 179 x 
40 F 175 | xxxx ' 
TOMATO 
grams days 
41M 242 127 x 
42M 241 127 x 
43M 194 122 x 
44M 187 122 x 
45M 194 122 xxx* 
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In the group that received the cereal-bone diet with orange in the place 
of codliver oil, one rat had a slight case of rickets. This rat had the 
lightest case of tuberculosis. There were large and small red spots in all 
lobes of the lungs, but no definite tubercles. In one rat there were three 
small tubercles in the right lobe of the lungs; in two there were small 
tubercles scattered over the surface of both the lungs; and in one the 
tubercles were very numerous, and were becoming confluent. 

In the control group of those receiving the cereal-bone diet with an 
excess of vitamin D, two rats had a few small miliary spots in the lungs. 
In one there were numerous red and black spots in all lobes, but no 
necrotic tubercles; in one there was one necrotic tubercle in the right 
lower lobe; and in one there were large and small tubercles in all lobes. 

Tuberculosis in the lungs was not as far advanced when 10 cc. of orange 
juice per rat was given at the time of inoculation, in addition to the cod- 
liver oil, as when it was omitted, but the vitamin C did not entirely 
counteract the effects of the prolonged use of an excessive amount of 
vitamin D before inoculation. In one rat there were several red miliary 
spots in all lobes of the lungs, and three definite tubercles. In three 
there were a few tiny red spots in all lobes, and in one there were small 
areas of congestion, but no red spots or tubercles. The section from this 
lung was negative for tuberculosis. 

In the group receiving 10 cc. of tomato juice per rat the rats were 
comparable with those receiving orange, except in one case. In this the 
spleen was enlarged to several times its normal size, and it contained 
numerous tiny tubercles. There were large tubercles scattered over all 
lobes of the lungs. In the other four there were scattered miliary spots 
and red areas in all lobes, but no necrotic tubercles. 


Group III: Diet Deficient in Both Calcium and Vitamin D 


For this group the mothers were taken from stock, and were given the 
cereal diet without the addition of either calcium or codliver oil for 38 
to 47 days before the birth of their litters, or for 17 to 26 days before 
mating. Both mothers and young were kept in darkened cages to shut 
out all factors other than dietetic that supplement the vitamin D of the 
diet. As decreasing the calcium of the mother’s diet increased the 
amount of vitamin D necessary for maintenance (7) (6), and as most of 
the litters were very large, the young reached weaning age with very 


small vitamin reserves. 
Because this diet was deficient in both calcium and vitamin D there 
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were at least two additions necessary to make it adequate, and possibly a 
third. Additions of vitamin D; vitamin C and vitamin D; calcium; 
calcium and vitamin D; and calcium, vitamin C and vitamin D were 


TABLE 3 

Showing that prolonged deficiencies of vitamin D and calcium make white rats very susceptible 
to tuberculosis, and that it is difficult to decrease this susceptibility by correcting the diet 

after inoculation. Control diet: deficient in vitamin D and calcium 


CONTROL DIET 


Age 


Tuberculosis 


days 
130 


DEFICIENT IN CALCIUM AND 
EXCESSIVE IN VITAMIN D 


CONTAINS CALCIUM 


DEFICIENT IN CALCIUM; CONTAINS 
VITAMIN D AND VITAMIN C 


Number 


Weight 


Age 


Tuber- 
culosis 


Number 


Weight 


Age 


Tuber- 
culosis 


Number 


Weight 


Age 


Tuber- 
culosis 


75 F 


99 


grams | days grams | days grams | days 
66F | 150] 139] xx | 71F | 130] 139] x | 76F | 127] 137] — 
67 M 143 | 139 | xxxx | 72F 123 139 x 77 F 126 | 137 x 
68 M 160 |} 151 x 73 F 122 || x 78 F 109 | 137 x 
69 F 108 | 137] xx 74F 128 | 151 _ 


VITAMIN D 


CONTAINS CALCIUM; EXCESSIVE IN 


CONTAINS CALCIUM, VITAMIN D AND VITAMIN C 


Orange 


Tomato 


Number 


Weight 


Age 


Tuber- 
culosis 


Number 


Weight 


Age 


Tuber- 
culosis 


Number 


Weight 


Age 


Tuber- 
culosis 


85 M 


162 


137 


196 


137 


95 M 


197 


137 


grams | days grams | days grams | days 
81M 202 | 157 x 86 202 | 157| xx | 91M 214 | 157) xx 
82 M 185 | 157 | xxxx | 87 217 | 157 x 92M | 217] 157 x 
83 M 201 | 157 88 151] xx | 93M 244} xx 
84M 153 | 137] xx 89 180 | 137 x 94M 185 | 137 x 


Young weaned and inoculated, August 9, 27, 28, and September 5; killed December 23. 
Average weights at 21 days: 20.1, 22.2, 16.9 and 19.3 gm. 


made to the cereal diet to see whether correcting the diet after inoculation 
could counteract the effects of a prolonged deficiency of both calcium and 
vitamin D before inoculation. 
The group kept on the cereal diet served as the control, although only 


/ 
Number Weight | 
grams 
62M 84 x 
x 
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one animal lived for the duration of the experiment. It had a severe 
case of rickets, and was losing in weight? There were a few small areas 
of congestion and consolidation in the upper lobes of the lungs, and a few 
red spots in all lobes. 

The addition of codliver oil prevented the onset of rickets, but it 
increased the extent of the tuberculosis in the lungs, judging from the 
one control. In one rat there were a few small red spots in all lobes of 
the lungs. In one the red spots were large, in one there were a few 
necrotic tubercles, and in one there were tubercles scattered over all 
lobes. Two of the section contained definite tubercles. 

The addition of vitamin C (10 cc. of tomato juice) to the cereal diet 
with codliver oil seemed to decrease the severity and extent of the 
tuberculous lesions in the lungs. One rat showed a few areas of em- 
physema, but no spots or tubercles, and in four there were a few black and 
red miliary spots scattered over the lungs. There were definite tubercles 
in two of the sections. 

The addition of calcium to the cereal diet did not decrease the extent 
of tuberculosis in the lungs. The addition of calcium and codliver oil 
increased the extent of tuberculosis, and this was not lessened by the 
further addition of vitamin C, either orange or tomato. 


Group IV: Diet Deficient in Calcium and Excessive in Vitamin D 


For this set three fifth-generation litters and one fourth-generation 
raised on the cereal diet without bone-meal, but with codliver oil, were 
used. A first litter from a mother that had received the cereal diet 
with codliver oil for eight months before the birth of its litter was also 
used. These five litters all had a history of a prolonged calcium defi- 
ciency, with an excess of vitamin D. 

The young kept on the cereal diet with codliver oil were used as the 
controls. In one set orange and tomato, two sources of vitamin C, were 
added to the cereal diet with codliver oil. In one calcium was added, 
and in one both calcium and orange added. 

Very little difference could be seen in the amount of pulmonary infec- 
tion in the five sets studied. There were a few scattered cases in which 
there were miliary spots in the lungs, but no necrotic tubercles. In the 
majority the tuberculosis was advanced. In some the tubercles were 
either large, or very numerous; and in some the tubercles were confluent, 
covering every surface and extending through every part of the lung. 
The two uninoculated controls, from a fifth generation on the cereal 
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diet with codliver oil, were kept with the inoculated rats receiving the 
cereal diet with codliver oil, one with young of the fourth and fifth 
generations on the cereal diet with codliver oil, and one with young from 
mothers on the cereal diet without codliver oil. 


TABLE 4 
Showing that a prolonged deficiency of calcium and excess of vitamin D makes rats very susceptible 
to tuberculosis, and that this susceptibility is not decreased very much by correcting the diet 
after inoculation. Control diet: deficient in calcium and excessive in vitamin D 


CONTAINS CALCIUM AND EXCESSIVE 
CONTROL DIET CONTROL DIET IN VITAMIN D 


Tuber- Tuber- Tuber- 
Weight | Age pe Weight | Age ps Number | Weight} Age 


grams | days grams | days grams | days 
96M; 154] 156 159 | 161 226] 177 
97M 162 156 149 161 123M} 244 161 
98M! 185] 177 154] 161 123M} 192 161 
99M} 198} 177 153 | 153 124M} 199] 161 
100M | 207} 177 135 | 164 125M.) 213) 155 


DEFICIENT IN CALCIUM; CONTAINS CONTROL DIET CONTAINS CALCIUM, VITAMIN D AND 
VITAMIN,D AND VITAMIN C (ORANGE) VITAMIN C (TOMATO) 


Tuber- | Number Weight Tuber- | Number Weight| Age - 


Number | Weight} Age | culosis culosis 


grams grams grams 


111M 178 116F |} 173 106F | 172 
112M} 193 117 F | 165 107 F | 152 
113M | 180 118F | 171 108 F | 140 
114M | 139 119F | 160| 153 109 F | 185 
115M 200 120F | 144] 153 110F | 135 


Uninoculated Controls 


CONTROL DIET 


Number Weight Age Tuberculosis 


grams days 


127 F 142 177 ? 
128 F 170 177 - 


Young weaned and inoculated July 19, August 1,6, 9and 22; killed December22. Average 
weights at 21 days: 22, 246, 23, 25 and 33.5 gm. 


In the first of these two uninoculated rats there was one red spot in the 
upper left lobe, and a black spot in the lower left lobe of the lungs. 
Grossly, these lungs were suSpicious for tuberculosis, but microscopically 
neither tubercles nor bacilli were found in the sections studied. In the 


Number 
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xXx 
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161 | xxxx : 
153 XX 
153 | xx 
164 | xxxx 
164 | xx 
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second there were a few patches of congestion, but no signs of tubercles, 
either grossly or microscopically. 


DISCUSSION 


In this study we find that severe disturbances in the optimal ratio, 
which should exist between the calcium, vitamin C and vitamin D of the 
diet, can lower the resistance of white rats to tuberculosis so markedly 
that necrotic tubercles result in the lungs, without destroying the growth 
impulse. In several sets the more extensive lesions were in the lungs of 
the large, well-developed rats, some of the weights being far above the 
average for an adequate diet. There were no indications, from either 
weight or appearance, that the rats were even slightly tuberculous. 
These findings confirmed the conclusions drawn in our first and second 
reports (1) (2), that the presence of the tubercle bacilli often seems to 
stimulate the animals’ growth. 

The diet given before inoculation, or the resistance of the rats when 
they are weaned, is far more important than their weight at this time, in 
determining the amount of tuberculosis which will develop in the lungs. 
Young from mothers with prolonged deficiencies and excesses in their 
diet often develop extensive lesions of tuberculosis on diets that fully 
protect normal young of the same weight when weaned. 

The failure to restore full immunity by correcting the calcium-vitamin 
C-vitamin D balance aiter inoculation also suggests that other factors 
than those corrected in this study have been unbalanced by the prolonged 
deficiencies and excesses of our experimental diets. This suggestion has 
been made the basis for further research. 


CONCLUSIONS 


Resistance to tuberculosis can be decreased from a natural immunity 
to moderate susceptibility, without destroying the growth impulse, by a 
prolonged disturbance in the optimal balance that should exist between 
the calcium, vitamin C and vitamin D of the diet. 

A prolonged excess of vitamin D in the diet, either with a deficiency of 
calcium or with a normal amount, hastens the spread of tuberculosis 
through the lungs. 

The substitution of vitamin C for vitamin D at the time of inoculation 
or the addition of vitamin C to a diet which is deficient in vitamin D 
tends to increase the amount of tuberculosis in the lungs, rather than 
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decrease it. The addition of vitamin C to a diet containing vitamin D 
tends to correct the diet, and to increase the resistance to tuberculosis. 

The degree to which diets corrected after inoculation can retard the 
spread of tuberculosis in white rats depends upon the type of deficiencies 
and excesses in the diet before inoculation, and upon how long the 
deficient diets have been given. 


The experiments described in this paper were worked out at the Medical College of the 
University of Cincinnati with the codperation of Dr. J. A. Bowen and D. E. Stegeman, and 
were checked at the Chicago Municipal Tuberculosis Sanitarium. 
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A STUDY OF TISSUE TUBERCULO-ALLERGY IN SKIN 
TRANSPLANTS! 


A. H. W. CAULFEILD, M. H. BROWN anp WILLIAM MAGNER 


This study was undertaken because of the results obtained, and the 
suggestions afforded by a series of experiments? made by one of us 
(A.H.W.C.) between the years 1921 and 1925. Those results allowed us 
to omit certain additions in our present study which would otherwise 
have been necessary as controls. Because of this and the intimate 
relation the studies bear to one another, we should like to refer very 
briefly to the earlier experiments. In these the endeavor had been to 
follow the fate of attenuated tubercle bacilli introduced into guinea 
pigs which were subsequently reinfected with a dose of tubercle bacilli 
which was by comparison (for the nonimmune animal) highly virulent. 
The motive in this was the desire to obtain data which might be regarded 
as referable to the problem of endogenous or exogenous reinfection in 
the human adult. 

The initial strain used is labelled L172 and has continued to show 
marked immunizing properties with a very low grade of pathogenicity 
or, more frequently in the doses used, no pathogenicity. The reinfecting 
strain labelled D has, on the contrary, maintained throughout a high 
degree of pathogenicity. 

The dosage for both strains was varied relatively and actually from one 
containing a few hundred bacilli up to one containing a fraction of a 
milligram in weight. The practice was to inject into one groin the 
“immunizing” strain and (leaving a sufficient number of controls not 
reinjected), after intervals of time extending from a few days to ap- 
proximately a year, to reinject the opposite groin with the more virulent 
strain D. 

Following the reinjection at intervals extending from a few hours to 
more than one year an endeavor was made to recover and identify the 


1From the Connaught Laboratories, University of Toronto, and the Pathological De- 
partment, St. Michael’s Hospital, Toronto, Canada. 
2 In these the assistance of Miss C. Cohen (now Dr. Cohen) is acknowledged with pleasure. 
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strains recoverable from all glandular parts of the lymphatic system 
and from the visceral lesions which might be present. This was at- 
tempted by means of the different cultural and pathogenic characteristics 
of strains recovered. In this connection mutation or altered cultural 
chracteristics were every now and then encountered: by injection of 
tissue suspensions or mutant cultures into guinea pigs proof could be 
obtained of the presence of the more virulent strain but not the exclusion 
of the avirulent strain. Conversely, the presence of the avirulent strain 
could only be assumed if the guinea pig became tuberculin-positive but 
showed no lesions. In all, over 300 guinea pigs were used in this work. 

These experiments showed that we had two fairly fixed and widely 
divergent types of strains in that the initial strain L172 might be called 
highly immunizing and, within the limits of dosage used, of no or at the 
most very slight pathogenic power. ‘The strain used for reinfecting was 
on the contrary highly virulent for nonimmune animals, even in small 
doses which contained but a few hundred bacilli.’ 

Because oi the long intervals of time employed, accidents and inter- 
current infections were largely responsible for the incompleteness of the 
data finally available at the end of 1925. In so far as the underlying 
motive was concerned, namely, the relative importance of endogenous 
and exogenous infection in man, our results stressed in our opinion the 
importance of exogenous reinfection. Our inference in this regard was 
based upon two points in particular. In no instance could we get 
evidence that reinfection had increased the pathogenicity of any bacilli 
remaining from the primary dose, and, secondly, in any gross lesion 
resulting from the dual injection the reinfecting (comparatively more 
virulent strain) was always present. 

On this point we were not in accord with the conclusions drawn by 
Baldwin and Gardner (1) in their publication which appeared shortly 
after these experiments were begun. More pertinent to our present 
study was the observation that the bacilli of the reinfecting strain were 
relatively immobilized at the site of injection inthe immunized animal, 
and their spread along the lymphatic system delayed. This fact was 
noted by Krause (2) during the course of our earlier work and sub- 


sequently enlarged upon by Willis (3). 


In one large group of immunized guinea pigs the shortest period of 


8 Tllustration of the immunizing power of the strain L/72 and the virulence of strain D is 
given in a preliminary report on the clinical and experimental use of Dreyer’s tuberculo- 
antigen, Canadian Medical Journal, July, 1924. 
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time in which bacilli of the second dose were detected in the adjacent 
glands was 39 days. The degree of delay in spreading from the point 
of reinoculation seemed to vary more between groups of immunized 
animals than between the individuals of each group. 

These observations on mobilization at the site of reinjection (skin 
and subcutaneous tissue) in particular suggested the desirability of 
attempting to study specific tissue immunity by means of tissue grafts 
made from the immune to the nonimmune animal rather than attempting 
to fill in the gaps left from the series of experiments on infection and 
reinfection. The present observations deal with a study of skin grafts. 


ANIMALS USED AND TECHNIQUE EMPLOYED 


The dog, from the point of view of the actual operative procedures, 
seemed the most suitable animal, but was discarded in preference for the 
guinea pig for two reasons. In our rather limited experience we had 
found the difference in resistance to injected bacilli between individual 
dogs to be too great to give satisfactory controls. Second, little or no 
evidence of cutaneous sensitization to tuberculin could be obtained in 
dogs, following the injection of bacilli regardless of the resulting path- 


ological lesion. 
Under ether anaesthsia a large section of the abdominal skin of an 


immune guinea pig is dissected free and placed in warm Ringer’s solution, 
and suitably subdivided for transplantation which is started as soon as 
the incision is closed in the donor. We are fortunate in having at our 
disposal a well-equipped operating room so that modern surgical tech- 
nique is easily carried out. Our method has been to bury the graft 
under the skin of the recipient because our attempts with superficial 
implantations (that is, exposed to the surface) have resulted in no real 
take but in early death of the transplanted tissue. For all but a few of 
the earlier attempts we have exposed the erector spinae muscles by a 
wide cutaneous incision in the recipient. The fascia, overlying aponeuro- 
sis, and muscle-sheath are dissected away and the skin transplant sutured 
to the denuded muscle surface, which supplies a very vascular base. The 
overlying structures provide an excellent dressing, and a good firm take 
of the graft can be demonstrated by gross and microscopic examinations 
ina few days. The objectionable feature of this method is the necessity 
of a second anaesthesia and operation for subsequent experimentation. 

To attempt to show whether or not the skin, removed from an immune 
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animal and grafted into a normal animal, has carried with it any specific 
tissue immunity or allergy we have adopted three types of experiments: 


1: Following injection of bacilli into the graft the demonstration for or against 
mobilization at the site of injection and delay in dissemination throughout 
the lymphatic system. 

2: Following injection of bacilli into the graft, gross and microscopic observa- 
tions regarding the rapidity and intensity of reaction as compared with the 
reaction induced by intracutaneous injection of the immune skin, the normal 
skin and the normal graft. 

3: The character of the reaction of the grafted tissue to tuberculin. 


TABLE 1 
Experiment I B: February 29, 1928 


AGE OF GRAFT 11 DAys 14 Days 


Normal Guinea | Immune Guinea | Immune Graft* | Immune Graftt 
REAL TRA Pig 51 Pig 39 (G. P. 898) (G. P. 889) 


Presence of B. tuberculosis in 
Inguinal lymph node.......] — | x | x | x | x | x]—/]/—]x]xj-|- 
Axillary lymph node....... 
Retroperitoneal lymph node.| x | x | x | — | — | 
Tracheobronchial lymph 


* Immune Donor G.P. 39 injected L172 28/4/27. Tuberculin tested 6/27, 9/27. 

* Immune Donor G.P. 37 injected L172 28/4/27. Tuberculin tested 6/27, 9/27. 

+ Immune Donor G.P. 68 injected L172 28/4/27. Tuberculin tested 6/27, 9/27. 

§ SJ. = Slide examination. Cit. = Cultures. G.P. = Guinea pig inoculation for the 
detection of tubercle bacilli. 


The results of repeated experiments with all three methods are 
illustrated in tables 1, 2 and 3. 

Table 1 shows the results obtained 8 days after the injection of bacilli 
into the immune graft, using as controls a normal and an immune guinea 
pig, both of which received an equal intracutaneous injection of bacilli 
in the corresponding region. Four experiments have been carried out 
with relatively comparable results at intervals of 5, 7, 8 and 11 days after 
the injection of the suspension of tubercle bacilli. Presence of bacilli 
in adjacent and remote lymph nodes was determined by immediate slide 
examination, by cultural methods and by guinea-pig inoculation. These 
three methods we believed would approximately indicate a numerical 
comparison. In this experiment, as in the others, the bacilli are im- 
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mobilized and their spread inhibited in the immune guinea pig and the 
immune graft guinea pigs as compared with the normal. None of the 
group of donors used in these “mobilizing” experiments were as satis- 
factory as could be desired because from the eighth day on bacilli were 
present in the adjacent lymph nodes, and occasionally in more distant 
parts of the lymphatic system. This group of immunized guinea pigs 
is to be contrasted with the group worked with previously, in which no 
bacilli were recovered from the adjacent lymph nodes until the 39th day. 

The difference in the reaction which follows the intracutaneous (or 
subcutaneous) injection of tubercle bacilli into the already infected 
animal and a normal guinea pig is of course well recognized. It is in its 
early stage characterized by the rapidity and intensity of the inflam- 


TABLE 2 
Experiment V 


20.12.28 
NUMBER OF THE INTRACUTANEOUS 24.12.28 


GUINEA PIG INJECTION OF 0.02 CC. OF A 
SUSPENSION OF TUBERCLE POSTMORTEM EXAMINATION 
BACILLI 


Graft Age (days) Gross Appearance Microscopic 


Immune 30 Small area of necrosis Infiltration ++-+- 
Immune 21 Gross swelling Infiltration +++ 
Immune 15 Nothing definite Infiltration + 
Normal 17 Nothing definite Infiltration + 
Normal 12 (infected and not used) 
Immune skin control Gross ++ reaction Infiltration ++++ 
Normal skin control Small nodule Infiltration + 


matory tubercle produced in the immune as contrasted with the slow 
and insignificant development in the normal. 

There is just one comment we should like to make, and it is that this 
difference is not always so marked as to leave one in no doubt as to 
whether the animal was already infected or not. 

Table 2 illustrates perhaps the best results we have obtained inthe 
three experiments designed to show whether immune grafts react as 
immune or as normal skin to the injection of bacilli. In this experiment 
(V) two of the three immune grafts (nos. 1000 and 989) reacted in a 
manner much more comparable to the immune than the normal skin 
control. This—as an indication that the graft retains its specifically 
induced state—seems to us more important than that one graft (no. 582) 
should fail to so react. Though the gross appearance of the grafts 


1000 
989 
582 
587 
575 
274 
584 | 
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varied as depicted in the table, they have all lacked the color one is 
accustomed to seeing in undamaged skin reactions. The grafts, because 
of their location, are surrounded by body fluids, and are not exposed to 
the air as in the skin, and this undoubtedly alters their appearance. 
On this account, with these and the experiments with tuberculin, we 
have tried to gain more accurate information by the study of microscopic 
sections. 

This method has failed to demonstrate any diagnostic cellular char- 
acteristics by which one could with certainty differentiate an initial 
from a reinfecting injection beyond the chronological and relative 
intensity of the infiltration. In a much larger proportion of the immune- 
graft reactions giant-cell formation in excess has been noticeable. While 
it is encountered with reactions in the normal, in these it has never 


TABLE 3 
19.1.29. Experiment VIII. Application of tuberculin 


| 


NUMBER 


OF AGE 5 7 
GUINEA GRAFT (DAYS) APPLICATION P. M. EXAMINATION AT 50 AND 74 HOURS 


568 | Immune 35 — 50 hours: normal: microscopic ---+ 

285 | Normal 21 —— 50 hours: normal: microscopic + 

294 | Immune 14 5 74 hours: grossly swollen: microscopic +-++ 
295 | Immune 14 a 74 hours: grossly swollen: microscopic ++ 
506 | Normal 10 makers 74 hours: normal: microscopic + 

503 | Normal 10 | None (under Diffuse infiltration 


pressure?) 


reached the numerical intensity noticed in the immune reactions. It is 
of course recognized by us that different nonspecific factors may cause 
the formation of giant cells in graft preparations, but their location in 
the true corium, away from sutures, fat-cells, etc., argues for the same 
aetiology as exists in tuberculous infections. 

In table 2 (and 3) we have attempted to compare, by means of plus 
signs, the degree of microscopic infiltration in the different preparations. 
This can at best be regarded as only a rough approximation which deals 
inadequately with location and type of infiltration. In the other ex- 
periments we have encountered fairly intense microscopic infiltration in 
normal grafts, but these have been comparatively rare and not more 
frequent than absence of intense infiltration in immune graft reactions. 
This method of examining grafts, both treated and untreated, has helped 
in the consideration of certain uncontrollable factors incidental to the 
technique employed. 
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Normal graft 575 (table 2, experiment V) illustrates one of the 
difficulties encountered in planning an experiment. To all appearances 
the guinea pig seemed perfectly well and the small swelling under the 
skin no larger than might be accounted for by the normal accumulation 
of sebaceous material (4) and hair, yet on exposure of the graft there was 
evidently a small drop of pus as well. 

In the experiments dealing with the application of tuberculin the 
immune grafts have frequently shown a swollen oedematous appearance 


Fic. 1. Guinea pig 178. Normal graft 13 days after transplantation 


(which has never been noted in the normal grafts) but never color. This 
we believe is due to its buried location. 

In table 3 (experiment VIII) is shown one of the three sets of com- 
parable results following the application of tuberculin. Under the 
heading ‘‘Application” in this table the straight line means that the 
tuberculin was applied to a lightly made cut in the graft, while the dots 
mean that that number of punctures were made with a hypodermic 
needle. It is more difficult to achieve a true intra-graft cut or injection 
than to do either with the whole skin; furthermore the base of the graft 
(muscle) is extremely vascular and haemorrhages are easily produced. 


| 


o 
=| 
G 
P 
< 


10 


16-day immune graft 


t IIT. 


xperimen 


E 


Guinea pig 189. 


Fic. 2A (low power). 
days after injection of tubercle bacilli. 
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Fic. 2B (low power). Guinea pig 172. Experiment III. 10-day normal graft 10 
days after injection of tubercle bacilli. 


Fic. 2B. High power of guinea pig 172 
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Fic. 2C. Guinea pig 1000. Experiment V. 30-day immune graft 4 days after 
injection of tubercle bacilli. 


Fic. 2D. Guinea pig 587. Experiment V. 17-day normal graft 4 days after injection 
of tubercle bacilli. 
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In addition to the tables 1, 2 and 3, microphotographs are added to 
show the appearance of (1) a graft 13 days after transplantation (figure 1), 
(2) a low- and high-power picture of both a 16-day immune graft 
(g.p. 189), and a 10-day normal graft (g.p. 172), 10 days after the intra- 
graft injection of bacilli as carried out in experiment III (figure 2, A 
and B). In these the caseous necrosis, marked infiltration, and excessive 


Fic. 3A. Guinea pig 294. Experiment VIII. 14-day immune graft 3" days after 
injection of tuberculin. 


giant-cell formation in the immune graft reaction is to be contrasted 
with the milder forms of reaction in the normal graft. This normal graft 
(g.p. 172) was the only one in which we were able to detect gross evidence 
of necrosis; and, further on, the microscopic examination the only one to 
show evidence of caseation. (3) A low-power picture of a 30-day im- 
mune graft (g.p. 1000) and a similar picture of a 17-day normal graft 
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(g.p. 587), 4 days after the intra-graft injection of bacilli as carried out 
in experiment V (figure 2, C and D). The cellular changes in the two 
grafts show a much earlier stage, although the contrast is as noticeable 
as it is in the later stages. (4) A low-power picture of two immune 
grafts to which tuberculin had been applied (g.p. 568 and g.p. 294, 
table 3, experiment VIII) (figure 3). (5) A low-power picture of a 


Fic. 3B. Guinea pig 568. Experiment VIII. 35-day immune graft 2 days after 
injection of tuberculin. 


normal graft (g.p. 503, table 3), which on exposure suggested the presence 
of unusual pressure due to normal growth and haemorrhage and was in 
consequence not used (figure 4). The microscopic picture shows an 
even diffuse infiltration, which is, however, in many characteristics 
dissimilar to the immune-graft reaction infiltrations. In addition to 
traumatic causes, subacute inflammatory reaction has probably added 
to the microscopic infiltration. 
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Occurrences such as this (guinea-pig graft 503) conveniently suggest a 
few remarks upon what might be called the variants incidental to the 
technique we have found necessary to use, and which are difficult or 
impossible to adequately control. In all we have made 71 grafts normal 
and immune. Because of their buried location, the life of the graft is 
probably limited on account of pressure due to the natural growth of 
hair and the accumulation of sebaceous material. 


Fic. 4. Guinea pig 503. Experiment VIIT. 10-day normal graft. Haemorrhage and 
exudate present. 


Practically, we have found apparent absorption of the graft at widely 
divergent ages. This may be influenced as well by varying degrees of 
haemorrhage or mechanical damage incidental to the operative pro- 
cedures, or to subacute infection not detectable because it is nonpurulent, 
or to biological incompatibilities (5) between the donor and the host. 
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Only certain of these factors if present in a sufficiently marked degree 
may be detected or suspected at the time the graft is exposed for the 
experiment. If present and the graft is utilized, it is conceivable that the 
specifically induced characteristics are already destroyed wholly or in 
part. With regard to the normal graft control they tend to produce at 
least microscopically an infiltration which increases the difficulty of 
differentiation between the normal and the immune graft reactions. 
In other words, all these uncontrollable factors tend to operate against 
the demonstration of specific skin tissue allergy or immunity even if it is 
existent. 


Fic. 5. Type and site of incision used on recipient for burying graft as described 
in text. 


Our results (illustrated by the tables and microphotographs) show, we 
believe, (1) that in each experiment marked differences are persistently 
(though not always in each preparation) manifest in the reactions which 
take place in the immune and normal grafts to the exhibition of tubercle 
bacilli and to a less extent to tuberculin. (2) That the usual reaction 
of the immune graft approximates that which takes place in the immune 
skin rather than in the normal skin and is demonstrable in the three ways 
as outlined, namely: 

1: Following injection tubercle bacilli are immobilized in the immune 
graft and their extension throughout the lymphatic system delayed in a 
manner comparable to what takes place in the immune animal. 

2: Following injection of bacilli into immune grafts the usual reaction 
which follows is relatively rapid and intense in degree. It more closely 
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resembles that induced in the skin of the immune animal than in the 
normal skin or graft. 

3: Evidence of persisting sensitization of the immune graft to tuber- 
culin has been found, in that gross swelling was perceptible and micro- 
scopic infiltration present. The difference between reactions so obtained 
in the immune and normal grafts has not been as constant or as marked 
in degree as that which occurred with the use of tubercle bacilli. 
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THE INHIBITIVE REACTION OF CAULFEILD'! 
A. C. NORWICH, M. F. MacLENNAN anv M. F. BASSINGTHWAIGHTE 


In two articles in THE AMERICAN REVIEW OF TUBERCULOSIS Dr. 
Perla has attempted to cast discredit on the inhibitive reaction of 
Caulfeild (3). 


After a series of tests and deductions he arrives at the following con- 
clusions: First, 


1: The inhibitive reaction of tuberculous serum is not specific; it is dependent 
on an increase of the protective colloidal constituents in the serum. 

2: Solutions of protective colloids used in place of serum inhibit anticomple- 
mentary amounts of an alcoholic antigen derived from tubercle bacilli. 

3: The inhibitive substance in sera may be demonstrated by using non- 
specific alcoholic lipoidal solutions as antigens in place of an alcoholic extract 
of tubercle bacilli. 

4; The inhibitive substance in tuberculous serum interferes with the fixation 
of complement in the tuberculo-complement-fixation reaction. 


And, second, 


1: The inhibitive reaction occurs almost as frequently in clinically non- 
tuberculous patients who are suffering with other diseases, and in normal 
individuals who are clinically nontuberculous, as in the tuberculous. 

2: The inhibitive reaction may be obtained in about 25 per cent of tuber- 
culosis patients. The presence of a positive inhibitive test is accompanied 
by a negative or weakly positive complement-fixation reaction. The inhibitive 
substance prevents the interaction of small amounts of antigen with antibody, 
as well as preventing the interaction of anticomplementary amounts of antigen 
and complement. 

3: An inhibitive reaction may be obtained in about 15 per cent of syphilitic 
patients. Ina certain number of syphilitic patients the Wassermann reaction 
becomes negative in the presence of the inhibitive reaction. 

4; On the basis of these studies the inhibitive test of Caulfeild does not appear 
to be a specific reaction for clinical tuberculosis. 


1 From the Department of Serology, Christie Street Hospital, Department of Pensions and 
National Health, Toronto, Canada. 
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Before entering into a detailed discussion of the above may we point 
out that Perla’s work does not constitute in any way a check on Caul- 
feild’s work, as he did not do Caulfeild’s inhibitive test. The chief 


points of difference are as follows: 


First: Caulfeild’s antigen is an alcohol-ether extract of dried tubercle bacilli, 
extracted for two or three weeks at 37.5°C. and in the dark. Perla’s antigen 
is an absolute-alcohol extract, extracted for one week in a Soxhlet apparatus. 
On testing these two antigens under similar conditions, important points of 
difference become evident: for instance 

1: The alcohol extract, in contrast to the alcohol-ether extract, frequently 
gives an inhibitive reaction with normal, inactivated guinea pig sera (in 7 
cases out of 10 tested), and as this serum is the source of complement used in 
this test it must affect the results very considerably. 

2: The two antigens vary greatly in the specificity of their reactions. This 
point is borne out by the following results (table 1) obtained by parallel tests 
with the two antigens, using Caulfeild’s technique (3). 


TABLE 1 


POSITIVE WITH | POSITIVE WITH 
ALCOHOL- ALCOHOL 

CLINICAL DIAGNOSIS ETHER EXTRACT EXTRACT OF 

OF TUBERCLE TUBERCLE 
BACILLI BACILLI 


Nontuberculous 
Tuberculous, quiescent, arrested, or cured 
Tuberculous active 


11 
9 
6 
4 


30 


The above figures will account for the high percentage of positive inhibitive 
reactions in clinically normal cases (20 per cent) obtained by Perla (2) as 
compared with 5.3 per cent obtained by Caulfeild (3). 


Second: Perla makes no mention of the testing for, or removal of, natural 
antisheep-cell haemolysin in either sera or other materials tested. These 
are essential steps of Caulfeild’s technique and, as will be shown later, may 
explain not a few of Perla’s false positive results. There are also a number of 
minor departures from Caulfeild’s technique, such as (1) the use of 0.1 instead 
of 0.2 cc. of serum in the serum-control tubes, (2) the use of unbuffered saline 
solution, and (3) the addition of saline solution to all tubes in the test to a total 
volume of 1 cc. 

Another factor which would tend to raise the percentage of positive reactions 
is the use of 4 units of haemolysin instead of 23 units as used in Caulfeild’s 


42 0 
ore 35 1 
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inhibitive test. While an excess of haemolysin does not appear to increase 
haemolysis materially in the antigen titration (no serum being present), yet, 
with serum and antigen combined, a very considerable increase in haemolysis 
is noticeable when 4 units of haemolysin are used instead of 23 units. 


Let us now pass on to a consideration of Perla’s conclusions. His 
first statement we will pass over for later consideration; but of the claim 
that “the inhibitive reaction is dependent on an increase of the protective 
colloidal constituents in the serum” we have grave misgivings. In 
fact it would seem that he himself disproves the statement. If the above 
statement were true we would expect to find ‘‘Inhibitin”’ in the sera of all 
diseased patients who were clinically improving. This is not the case. 
Perla found positive inhibitive tests in only 16.5 per cent of the clinically 
nontuberculous, including syphilitics. Our figure for the same class of 
patients is only slightly lower, being 15.1 per cent, but who can say that 
at least a number of these have not biological tuberculosis, that is, 
lesions which produce no clinical signs or symptoms? In this respect it 
is significant that in this hospital during the past eighteen months the 
routine autopsies, that is, autopsies not especially directed toward a search 
for tuberculous lesions, on clinically nontuberculous patients, have con- 
firmed the previous tuberculo-serological findings in 53.8 per cent of 
the cases. 

Human serum-globulin, human serum-albumin, beef serum-albumin 
and sheep serum-globulin were reported by Perla as giving positive 
inhibitive reactions with alcohol-extract of tubercle bacilli. These were 
tested with Caulfeild’s antigen and technique. 


HUMAN SERUM-ALBUMIN AND SHEEP SERUM GLOBULIN 


These were obtained by precipitation with CO, from serum diluted 
1/10 in distilled water. As normal human sera (1/10) give readings 
varying from 4,300 to 4,440 (when alcohol-either antigen controls are 
443) and as the inhibitive substance appears to be contained in or pre- 
cipitated with the globulin, it was expected that stronger dilutions of 
normal sera or of serum-globulins would give a proportionately stronger 
inhibitive reaction. This was found to be the case when serum or serum- 
globulin dilutions of 1/2 and 1/4 were used instead of 1/10 (the dilution 
used in the inhibitive rest as a routine). The result with sheep serum- 
globulin practically paralleled those obtained with human serum-globulin. 
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HUMAN SERUM-ALBUMIN AND SHEEP SERUM-ALBUMIN 


These were obtained in two ways, both similar except that in the one 
the undiluted serum was used and in the other a 1/10 dilution. The 
method consisted of the precipitation of globulin by ammonium sulphate, 
centrifugating out the precipitate, and precipitating the albumin from 
the supernatant fluid with heat and redissolving this precipitate in 
normal saline solution. These solutions prepared by either method used 
as sera failed to give a positive inhibitive reaction. 

Other colloids found by Perla to give an inhibitive reaction when 
tested with an alcohol extract of tubercle bacilli were gelatin, egg- 
albumin, gum arabic and dextrin. These were tested with an alcohol- 
ether extract of tubercle bacilli; and also for nonspecific haemolysis, 
and the following results were obtained: 


Dextrin: This was found to be lytic for sheep cells in the dilutions used by 
Perla. No inhibitive reaction was obtained in the higher dilutions which 
were not lytic for sheep cells. 
Egg-Albumin: No inhibitive reaction was obtained in the dilutions used by 
Perla (1/20, 1/100) although in a dilution of 1/10 an inhibitive reaction was 
obtained in one test out of two. 


Gum Arabic: A slight inhibitive reaction was obtained in the strongest dilution 
used by Perla (1/10), but this colloid was found to be somewhat lytic for sheep 
cells after remaining in the water-bath at 37.5°C. over half an hour, and it 
was also slightly acid to litmus. 

Gelatin: No inhibitive reaction was obtained with this colloid although it was 
found to be slightly lytic for sheep cells in the strongest dilution used. 


In his third conclusion Perla states, ‘“The inhibitive substance in sera 
may be demonstrated by using nonspecific alcoholic lipoidal solutions 
as antigens in place of an alcoholic extract of tubercle bacilli.” We have 
not found this true of alcohol-ether extracts as antigens. He states that 
he obtained inhibitive reactions with the following antigens: Petroff’s 
water-glycerine extract of tubercle bacilli, Kolmer’s Wassermann anti- 
gen, and alcoholic extract of B. leprae and Staphylococcus albus. 

Petroff’s Water-Glycerine Extract of Tubercle Bacilli: This was not 
found to be an antigen that could be used in connection with this par- 
ticular test, as will be seen from table 2. 

Kolmer’s Wassermann Antigen as an Inhibitive Antigen: There ap- 
pears to be no correspondence between the results obtained with Kolmer’s 
Wassermann antigen and an alcohol-ether extract of tubercle bacilli. 
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Out of 11 cases classed as nontuberculous all gave very definite inhibitive 
reactions with Kolmer’s Wassermann antigen while none were positive 
with Caulfeild’s inhibitive antigen. 

Alcoholic Extract of B. Leprae: This antigen was not tested. 

Alcoholic Extract of Staphylococcus Albus as an Inhibitive Antigen: 
The microdrganisms were obtained from agar plates and the antigen 
prepared according to Perla’s method, that is, extracted for one week with 


TABLE 2 


PETROFF’S ALCOHOL-ETHER 
EXTRACT OF 
ANTIGEN USED AS 
AN INHIBITIVE TUBERCLE BACILLI 
ANTIGEN USED AS AN INHIBI- 
TIVE ANTIGEN 


0+10 
+340 
++-+0 
+130 
+110 
CH 
+130 
0++0 
443 


TABLE 3 


POSITIVE WITH 
ALCOHOL- 
ETHER EXTRACT 
CLINICAL DIAGNOSIS OF TUBERCLE 
BACILLI 
AS INHIBITIVE 
ANTIGEN 


0 


Nontuberculous 17 
Tuberculous, quiescent, arrested, or cured 9 
Tuberculous active 6 

4 


36 


absolute alcohol in a Soxhlet apparatus. Though we tried this antigen 
in its original strength and also in double and quadruple strengths, 
obtained by evaporation, we were unable to get it sufficiently strong to 
be used satisfactorily as an inhibitive antigen. 

Alcohol extract of Klebs-Loffler Bacillus as an Inhibitive Antigen: 
This antigen was tested in addition to those mentioned by Perla. 
Table 3 gives the result obtained. 

In the fourth conclusion of his first article (1) Perla states that the 


POSITIVE WITH 
ALCOHOLIC 
EXTRACT OF 
K. L. AS INHIBI- 
TIVE ANTIGEN 
| 17 
1 
4 6 
0 3 
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inhibitive substance in tuberculous serum interferes with the fixation of 
complement in the tuberculo-complement-fixation reaction. With us, 
in a series of 350 tuberculous cases, 25.1 per cent have at one time or 
another shown simultaneous positive inhibitive and positive tuberculo- 
complement-fixation reactions. Further, Perla finds that positive in- 
hibitive sera, which have stood several days in the ice-chest and have lost 
their “inhibitive” properties, show an increase in complement fixation 
and that “‘The inhibitive substance in tuberculous serum interferes with 
the fixation of complement in the tuberculo-complement reaction.”’ 
In table 4 the results do not bear out these findings. After 5 to 7 days 


TABLE 4 


ORIGINAL TEST RETESTED AFTER 5 TO 7 DAYS IN ICE-CHEST 


HUMAN SERUM 


Inhibitive 


T.C. ¥F. 


Inhibitive 


1 
2 
3 
4 
5 
6 
7 
8 
9 


Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 


1000 
1000 
neg. 
+000 
43+0 
neg. 
1000 
4100 
+000 
4100 
4100 
43+0 
+000 
3+00 


Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 


2000 
2000 
neg. 
+000 
4100 
+000 
+000 
410+ 
+000 
434+ 
431+ 
443+ 
34++0 
100+ 


Note: In the above table a second-class minus or stronger reaction was considered positive. 


in the ice-chest these sera, originally giving positive inhibitive reactions, 
show very little or no increase in complement-fixation with Petroff’s 
antigen although the inhibitive phenomenon has practically disappeared. 
Fourteen sera were tested in this connection. 

And finally Hodge and McLennan (4) have shown that in precipitation 
of the euglobulin by CO, the “‘inhibition” is removed with the precipitate 
while the fixation bodies remain in the supernatant fluid and this fluid 
on retesting, after removal of the precipitate, fails to show any marked 
increase in its complement-fixing power. 

Let us now pass on to a consideration of Dr. Perla’s second group of 
conclusions (2). Some of these, such as the masking of the tuberculo- 
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complement-fixation reaction by the inhibitive substance, have already 
been discussed. The remainder can more readily be dealt with by refer- 
ence to table 5, which gives a summary of some 562 cases using Caulfeild’s 
antigen and technique. 

A word of explanation of the compiling of table 5 should probably be 
given. The figures quoted for clinical normals are those obtained by Dr. 
Caulfeild in a series of apparently normal students. Every patient in 
the pulmonary-tuberculosis groups had positive sputum at some time 
during the course of the disease. The surgical cases were all confirmed 
by X-ray or the examination of pathological materials. 

In compiling our figures, no clinically tuberculosis case is considered 
serologically negative until three successive tests over a period of four 


TABLE 5 


PERCENT- PERCENT- 
AVERAGE 

NUMBER OF AGE AGE OF 

CLINICAL DIAGNOSIS PATIENTS NUMBER OF POSITIVE POSITIVE 


T. C. F. INHIBITIVES 


77 7.7 5.3 


. Nontuberculous with other diseases, not in- 
cluding syphilis 

. Syphilitics, nontuberculous 

. Tuberculosis, pulmonary, active 

. Tuberculosis, pulmonary, quiescent, arrested, 
and cured 66 

. Surgical tuberculosis, active 26 


. Surgical tuberculosis, quiescent, arrested, 
35 60.0 


months have given negative 7.C.F. and inhibitive reactions. This 
rule was also applied in table 5. The division of the pulmonary and 
surgical tuberculosis cases, as given, we realize, is very unsatisfactory, 
particularly from the point of view of the laboratory. The clinical 
classification of active, quiescent, arrested, etc., would appear to merge 
indefinitely into one another, so that it is difficult to get select groupings 
which fulfil the purpose in view. 


COMMENT 


It will be noted in table 5 that the percentages of positive inhibitive 
tests in the first three types of cases are all below 22 per cent and there 
is a large gap between this figure and that for any of the tuberculosis 
groups. The 21.9 per cent for the nontuberculous with other diseases 


2 
125 9.7 21.9 
14.1 8.3 
4 1.8 79.1 63.4 
5 
3.8 75.7 53.0 
6 2.6 65.3 65.3 
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would appear rather high, but in view of the fact that necropsy statistics 
show a large percentage of previously unsuspected patients to have tuber- 
culous lesions, it is quite possible that a number of these have biological 
tuberculosis. 

It is further noted that the tuberculosis cases as a whole show a much 
greater incidence of positive inhibitive tests than do the nontuber- 
culous, 60.4 per cent as against 11.7 per cent, and also, that the active 
tuberculosis cases show more than the quiescent, arrested or cured. This 
latter fact bears out our hypothesis of the interpretation of the T.C.F. 
and the inhibitive tests, the former showing recent or present tuber- 
culous infection and the latter being an index of the host’s reaction 
against that infection. This theory is rather difficult of proof, but after 
observing the results of some 30,000 tests on about 8,000 cases that is the 
conclusion which is drawn. 

A point of interest not shown in table 5 is that, among the clinically 
nontuberculous with other diseases, the incidence of positive inhibitive 
tests was greatest in the cases of carcinoma, erythema nodosum and 
osteomyelitis. Also, another point of interest is that among the active 
tuberculosis cases the combined reactions, that is, 7.C.F. and inhibitive 
tests, when considered together, have been 100 per cent correct in at least 
one of three tests done over a period of four months, and among the 
quiescent, arrested or cured cases, 94 per cent correct. 

The proponents of the tuberculo-serological tests have repeatedly 
emphasized the value of these tests when repeated at intervals of four to 
six weeks over a period of six months to years, and to anyone with the 
facilities, who has the patience and tenacity, this will soon become 
apparent. There are occasions, however, when the single test is of 
inestimable value as is shown in the following case: 


J. H.S.: Examined April 13, 1928. Gave a history of cough for one month. 
Temperature normal. Patient considerably overweight. Physical signs were 
those of chronic basal bronchitis. Blood drawn at this time, however, gave 
a positive inhibitive reaction, and for this reason an X-ray was taken the 
following month which showed tuberculous involvement of both the hilum 
lymph nodes and parenchyma of the bases of the lungs. 


DISCUSSION 


Attention is drawn to the fact that Perla has not paralleled the work of 
Caulfeild either in the antigen used or the technique. Evidence is 
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brought forward to show that Perla’s antigen is of such a nature as to give 
many false positive reactions which accounts for many of his conclusions. 

The removal of antisheep-cell haemolysin and the testing for non- 
specific haemolysin are important steps in Caulfeild’s technique. It 
might also be pointed out here, and it cannot be too strongly emphasized, 
that the material being tested should have a pH of approximately 7.0, 
as variations to the acid side will in themselves cause haemolysis and so 
give false positives. 

Tests are described which show that neither do protective colloids or 
other colloidal solutions give consistent inhibitive reactions; nor do other 
antigens give results comparable to those obtained with that of Caulfeild. 

Table 5, we believe, shows that the inhibitive reaction is peculiar to 
tuberculous sera. Lack of knowledge as to the presence of biological 
tubercle prevents us including all sera, but in many clinically nontuber- 
culous cases it has been of inestimable value. 

One case is cited to illustrate the occasional value of the single In- 


hibitive Test. 


CONCLUSIONS 


1. The inhibitive reaction of tuberculosis is specific to tuberculous 
sera. It at any rate appears much more frequently in the proved 
tuberculous than in the supposedly nontuberculous. 

2. The reaction is a valuable aid, occasionally in diagnosis but more 
frequently in prognosis. 

3. The inhibitive reaction of Caulfeild is specific for this phenomenon 
and, so far, is the best method of estimating its presence. 


In concluding we wish to express our thanks to the members of our Chest Clinic for counsel 
and codperation, to the other members of the staff for materials supplied, and to the officials 
of the Department for their interest in this work. 
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THOUGHTS ON THE “EARLY CASE” OF TUBERCULOSIS 


MILES J. BREUER! 


The physician who recognizes the “early” and low-grade types of 
tuberculosis, and who comes into a community with the intention of 
treating pulmonary tuberculosis as such and telling the truth about it, 
is not going to have smooth sailing. He is going to be disbelieved by 
patients and laughed at by confréres, and considered a monomaniac by 
both. Nevertheless, he is going to have some interesting and satis- 
factory experiences. 

The man who gets the correct idea of the early or low-grade case, and is 
able to recognize it, will, if he comes into a community that already has a 
good medical personnel, see an astonishing number of cases. Fora while 
he will wonder whether the subject has not somehow affected his mind. 
This is because the actual number of such cases is considerable, and they 
are not being diagnosed. Anything like an accurate understanding of 
tuberculosis is not as yet generally distributed among the rank and file 
of the medical profession. The early cases go the rounds; they have 
tonics and surgical operations and diagnoses; the real “appendices” 
and heart cases and peptic ulcers are filtered out by competent men before 
they reach him. The genuine cases of tuberculosis, because their chronic 
nature does not respond permanently to tonsillectomies or to “‘treat- 
ments” of some sort, eventually find their way to him, one and all. 
Here are some examples of how it happens: 


1: E. G., a school-teacher, aged 22, complained of lower abdominal pains and 
scanty menstruation. There was no evidence of a local pelvic lesion, but a 
distinct picture of early pulmonary involvement. She and her family thought 
the diagnosis of ovarian cysts a reasonable one, and she submitted to some 
ovarian trimming on the operating table. For two more years she continued 
to lose ground; when she weighed 90 pounds and began to cough, she came 
and placed herself under my care. 


1 Lincoln, Nebraska. 
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2: J. B., a high-school girl, aged 17, preparing to be a teacher; with severe 
fatigue syndrome, tachycardia, temperature between 100 and 101; definite 
chest findings. She accepted the diagnosis distrustfully, remained half- 
heartedly under treatment for a month, and then decided that I must be wrong. 
She is now under treatment for ‘anaemia,’ according to her own report, in the 
hands of a prominent internist of a neighboring city. 


3: E.S.,a delicately built young man of 29, who for the past nine years has held 
the job of railroad fireman, the heaviest physical toil that the railroad has to 
offer. He has been steadily losing ground physically; during the past year or 
two gastrointestinal symptoms have appeared. I was called as consultant 
when he was contemplating an operation for “chronic appendicitis.” The 
surgeon listened patiently to my efforts to point out the reasons for considering 
it pulmonary tuberculosis, and decided not to operate. The patient spent a 
couple of months frantically running from one doctor to another, and has just 
had his gall-bladder removed by a different surgeon. 


4: M.B., the mother of a family of seven, had been losing ground for ten years. 
Her symptoms were abdominal and pelvic, and largely mechanical, due to 
muscular weakness. On different occasions her appendix had been removed, 
and some sort of pelvic surgery done, with relief for a month or two and then a 
return of the symptoms. She was now preparing for a third operation; but 
was desperately ready to try anything that offered any hope of escaping it. 
My entire treatment of her consisted in making the grown girls of the family 
assume the responsibilities of housekeeping and let their mother rest. After a 
year, she is free from symptoms, has gained thirty pounds, and is anxious to get 
to working again. 


5: J. S., a farmer, aged 38, has been complaining of heart symptoms, fatigue 
syndrome, loss of weight, and anorexia for five years, and unable to work for the 
past two years. Apparently some of the medical men whom he consulted 
suspected that he might have tuberculosis, for he received various ‘“‘treat- 
ments,” some of which I was able to recognize from his description as ultra- 
violet light, diathermy, and injections of some arsenic compound. He received 
transient benefit from several efforts. The substantial gist of what I did for 
him was to keep him in the city, away from his attempts at working. He 
gained a pound a day for the first two weeks. I am now trying to make him 
understand that “‘treatment” will require a year or several years. 


But, even though he does recognize the cases of tuberculosis correctly, 
the physician will not be hailed as a prophet. If it were in the nature of 
things possible to cure them all promptly, he might be. But, people have 
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not been educated to accept such a diagnosis, nor to be patient with the 
prolonged treatment. The physician will therefore experience more or 
less difficulty in explaining to them why it is that the much more famous 
diagnosticians whom they have already consulted did not recognize their 
trouble. 

This discussion is not of merely academic interest. Nor is it presented 
for the purpose of disparaging the efforts of the medical profession or the 
opinions of the public. The reason for the vehement way in which some 
of the points are brought out is the intensely serious one that the recogni- 
tion of the principles involved is indispensable to a decrease of the present 
morbidity and to a lowering of the present death-rate from tuberculosis. 
Only this week there comes into my hands a report from the Chicago 
Municipal Tuberculosis Sanitarium, stating that, in spite of all organized 
scientific and public-health efforts to combat tuberculosis, there has been 
a definite increase in its death-ratein that city. Why? Thatis what this 
paper is about. 

The vivid red bacillus under the microscope and the powerful mental 
impression of Koch’s discovery make it difficult to dissociate the diagnosis 
of tuberculosis from the finding of the tubercle bacillus. Because of the 
pathological lesions in the lungs there is a natural impulse to expect clini- 
cal symptoms from the lungs, and to disregard clinical cases not showing 
such symptoms. The hospital consumptive of medical-student days, 
wasting in bed with his high fever, looks so different from the hyperactive 
“early” case with gastrointestinal symptoms, that it is hard to admit 
that the same name can be applied to the two conditions. 

To the vast majority of men now in practice instruction in modern 
knowledge of tuberculosis was not available during their student days. 
Indeed, at the present time adequate teaching is scarce enough. To 
become up-to-date in this subject requires digging in a vast mass of 
abstractions. It contains no such stimulus to study as is furnished by the 
thrilling and mysterious sounds of an arrhythmic heart and its intriguing 
electrocardiogram, or by the spectacular performances of the operating- 
room. There is only a worried patient full of inexplicable complaints 
which nothing seems to relieve, and a maze of puzzles about allergy and 
visceral reflexes. 

Yet, there are two reasons why the general practitioner ought to recog- 
nize these cases. The first is that they are so common and numerous; 
the second is that most of them are neither sick enough nor definite 
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enough in their complaints to be impelled to seek the services of a special- 
ist during the stage when the most benefit is possible for them. It is 
because these cases are not being recognized and dealt with properly that 
the tuberculosis morbidity remains so high, and that the tuberculosis 
death-rate has not responded to all the efforts of medical science, beyond 
a small amount that is in reality the effect of the improvement in general 
living conditions. 

Because the advanced case is so difficult to treat and to improve, and 
so rarely cured, while the early case can, with proper care, be so readily 
and certainly controlled, the only real hope for making any headway 
against this disease lies in the proper recognition and the correct care of 
early cases. 

At the present time the greatest obstacle to the eradication of tubercu- 
losis lies in the mental attitude of the public, both lay and medical, 
toward the disease. Making the diagnosis is a comparatively simple 
task compared with that of telling the patient and his relatives about it. 
The associations of the word “‘tuberculosis” in the popular mind consti- 
tute a vague, though powerful and terrifying complex, founded on the 
medical profession’s conception of the disease of forty years ago. They 
include cachexia and fever, a hollow cough, germs in the sputum, infec- 
tiousness, hopelessness; if these are not present, the case is not tuberculo- 
sis. 

Tuberculosis, in the popular mind, is of a different order from other 
diseases. The name strikes into people a quality of terror and hopeless- 
ness that no other disease carries with it, except syphilis. People who 
would readily accept a grave verdict of heart disease, Bright’s Disease, 
or peptic ulcer, resist a diagnosis of tuberculosis, unreasonably and des- 
perately. Even though one assures them that a diagnosis of early tuber- 
culosis carries with it far more hopeof recovery and health than the others, 
they continue to tremble and weep in terror at the word ‘‘tuberculosis.”’ 

In their unwillingness to accept the terrible stigma of tuberculosis, the 
early cases go from one physician to another to find one whose diagnosis 
will have a more pleasing sound, andin the hope that they can get away 
from the dread condition by denying its existence. They believe statis- 
tics: when a lecturer or a magazine states that tuberculosis is so common 
that one person in ten in their community is diagnosable as tuberculosis 
of some type, they accept it. But, if you tell John Smith that he is one 
of the ten per cent:—that is impossible; it couldn’t be! This attitude 
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of resistance, which militates against the proper control of the disease by 
allowing cases to develop to a stage at which adequate cure is not possible, 
is remarkably persistent. Nor is it surprising that any amount of per- 
suasion on the part of an individual physician is unable to budge it, for it 
is a firmly established folk-belief. The attitude that I have observed in 
the majority of laymen toward tuberculosis is classifiable psychologically 
with dragons, sea-serpents, and Dante’s Hell; and is quite as firmly fixed. 
Until the public is broadly educated to the true facts about tuberculosis 
as they are now understood, the efforts of a scattered few medical men 
with individual patients will be uphill work. 

The popular misconception of tuberculosis has its basis in the fact that 
the rational scientific conception of tuberculosis is a recent one. It is 
still the exclusive property of the men who are making a speciality of the 
work, and has not yet penetrated throughout the masses of the profession. 
As long as a reputable medical man will send out a patient’s sputum for 
examination, and, upon the receipt of a report that it contains no tubercle 
bacilli, conclude that the case is not tuberculosis; as long as every gastro- 
intestinal complaint fails to suggest pulmonary tuberculosis as one of the 
possibilities in the diagnosis; as long as underweight and incapacity for 
work are passed by without notice, and ‘‘chronic bronchitis” is noncha- 
lantly accepted as a diagnosis; so long will the public follow our example 
and fight shy of the name of tuberculosis. 

It is still too much the general attitude of the medical profession as a 
whole to consider the diagnosis of tuberculosis as the last resort. All 
other possibilities must be proved absent, and a rigid demonstration of its 
presence made, or no one believes it. For that reason, cases are being 
neglected. For instance: 


1: J. W., aged 22, student and daughter of Professor of Biology at a State 
University; 22 per cent underweight; temperature going up to 100° in the 
afternoon; moist rales in the chest, and coughing almost continually for the 
past five years. She consulted me for an attack of “asthma” and was impatient 
at my careful examination. She was shocked at my diagnosis, and left me to 
place herself under the care of a very capable internist, who denied the tubercu- 
losis, and gave her adrenalin for the asthma. 


2: J. P. and E. P., brother and sister, aged 22 and 24, from a farmer’s family. 
Five years ago I made a diagnosis of pulmonary tuberculosis on them. They 
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remained under treatment for about a year, and then lost patience and dis- 
continued reporting. For four years I saw nothing of them, and just recently 
received a letter asking if I would be willing to resume my care of them. When 
they came in, they stated that they had been to sixteen physicians in the 
interim, only two of whom had agreed with the diagnosis of tuberculosis. They 
were, however, by this time convinced of the correctness of the diagnosis, and 
willing to give the necessary time and rest to getting well. 


3: J. W., farmer, aged 28; first came in 1922 complaining of “‘hay-fever.”” He 
was not sensitive to pollens, but presented a clear picture of pulmonary 
tuberculosis. He did not like the diagnosis. In 1926 he returned, having 
lost 30 pounds, and now unable to work. He had been treated for hay-fever 
for a while, but the symptoms were no longer present. He now had sputum 
containing tubercle bacilli. He was in the frame of mind now to follow direc- 
tions. He has improved after two years’ treatment, but his treatment is 


difficult. 


4: J. Z., railroad mechanic, aged 38; reported in 1924, having lost 15 pounds; 
his history and examination suggested that the upper-right-lobe lesion had 
developed rather more rapidly than usual in cases of this type. He refused to 


accept the diagnosis of pulmonary tuberculosis, and went to Omaha. I saw 
him one year later, and was astonished at the rapidity with which the disease 
had progressed; he had been under three physicians during the year. I sent 
him to the Woodmen Sanitarium at San Antonio, but he died in three months, 
leaving a wife and three children to regret his hard-headedness. 


5: V.S., discharged service-man and barber; brought. in by an attorney about 
a claim against the Veterans Bureau in 1925. He was characterized by a fixed 
right apex, inability to work, and good progress on rest. He tried his best to 
work. I lost track of him for two years. I was called to him one evening and 
found him having a severe haemorrhage from the lungs. He has had two 
more haemorrhages since and tubercle bacilli in the sputum repeatedly. He is 
progressing under treatment, but it is a tragedy for his wife and two children, 
when one considers that it could have been prevented. 


With circumstantial evidence present, tuberculosis must be considered 
a possibility in the diagnosis, and must remain there until by some 
method or other it can be definitely excluded. It ought to be the first 
consideration, not the last. 
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Quite as erroneous is the common attitude of the early case upon 
accepting the diagnosis. In spite of the most cautious presentation 
and careful explanation, many of them go into a panic. The idea of 
running away from the disease by fleeing to Colorado or Arizona, whether 
there is money available for railroad fare or not, has not yet been ade- 
quately eradicated from the popular mind. Fatal resignation to a hope- 
less disease; intense fear of infecting the family; excited readiness to quit 
the job and “get outdoors”; worry about diet, about codliver oil, about 
everything except rest, are common mental states seen in early cases that 
are not at all in a critical state, and for which a mere lightening of the 
load would fulfil all requirements. I have seen physicians take a mild 
case and “‘put him to bed”, thereby wrecking his morale and making a 
confirmed invalid out of him. Especially is the idea of infectiousness 
uppermost. A person with the diagnosis of tuberculosis upon him is one 
to be feared; to touch him, to eat with him, to be near him, is somehow 
dangerous. Something to kill the germs, to prevent the germs from 
getting about; concern about what the germ is doing, with a sublime 
disregard for what the patient is doing, are still prevalent at a time when 
we all ought to know better. 

Diphtheria, typhoid fever, appendicitis, syphilis, most of the common 
diseases about which accurate knowledge exists, are being excellently 
controlled; their death-rates have been reduced to a figure that is as low 
as can be reasonably expected. In the case of tuberculosis, sufficient 
knowledge exists to bring the death-rate down markedly. But the death- 
rate will never be brought down until the vast number of “‘early’”’ cases 
that prevails is properly recognized and correctly treated. This will 
never happen as long as the adequate conception of tuberculosis is limited 
to a few specialists. Public-health work and organized efforts at preven- 
tion are useless until the rank and file of the medical profession are trained 
to recognize the commonest thing they see,—the early case of tuberculo- 
sis. 

Until the indisposed individual, the chronic gastrointestinal case, 
the underweight, the vague and chronic complainer, are considered by 
practitioners over the length and breadth of the land primarily as possible 
cases of tuberculosis, the specialists will never see the cases until it is too 
late to do them the maximum amount of good. The “great white 
plague” cannot be tamed until we reach such a state of affairs that the 
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first medical man who sees the early case can recognize it, and either 
treat it, or refer it for treatment. Whereas typhoid fever and smallpox 
have been controlled by public-health measures, tuberculosis is a problem 
of the individual. The responsibility for its solution lies upon the 
agencies for medical education, both undergraduate and postgraduate. 
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THE EARLY DIAGNOSIS OF TUBERCULOSIS! 
F. M. POTTENGER 


INTRODUCTION 


Much headway has been made in the early diagnosis of clinical tuber- 
culosis in recent years. This has been the natural result of our increased 
knowledge of the disease and an improved technique in making examina- 
tions, and, furthermore, has been aided by the fact that we now have 
hundreds of examiners familiar with the technique of examining for 
tuberculosis where we had one twenty-five years ago. Furthermore, 
through the dissemination of knowledge concerning the nature and early 
symptoms of tuberculosis, laymen are coming to the physicians more 
promptly on the appearance of symptoms than they formerly did. 
However, the same queries stare us in the face to-day that did at the begin- 
ning of the century: ‘‘Are we making diagnoses as early as we should? 
Are our methods keeping pace with our knowledge of the disease and the 
manner in which the patient reacts to it?” It is unfortunate, but we 
must answer both of these questions in the negative. 

In order that diagnoses may be made as promptly as possible it is 
necessary to understand the nature and cause of the symptoms and signs 
of tuberculosis, and also to have a conception of the possibilities and limi- 
tations of each of the recognized methods of examination as they are car- 
ried out to-day, so that it may appear evident where changes, if any, 
should be made in our practice. In most instances patients showing the 
early signs of tuberculosis present sufficient data for diagnosis to be made 
by any man who has been well trained in medicine, if only he will bear 
tuberculosis in mind and carefully study and examine his patient. It is 
only the exceptional case that offers great difficulty. Probably 80 per 
cent of cases, as they present themselves, could be diagnosed by a careful 
study of the history alone, if only the physician would give them his 
careful attention and best thought. If, however, we ever get to the point © 


1 Abstract of addresses given before the Junior and Senior students of the University of 
Kansas Medical School, Kansas City, Missouri, March 26, 1929, the Junior and Senior stu- 
dents of the University of Nebraska, Omaha, Nebraska, March 27, 1929, and Lancaster 
County Medical Society, Lincoln, Nebraska, March 28, 1929. 
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where patients seek medical advice earlier, at the beginning of patho- 
genicity, then the problems of diagnosis will be much greater than they 
are to-day. There is one point that should be emphasized in dealing 
with clinical pictures suspicious of tuberculosis where no definite symp- 
toms or signs are evident; namely, that there are many hidden and in- 
accessible structures which may show the lesion. We think too much of 
the lung and peritracheal, peribronchial and cervical lymph nodes, and 
not enough of the other hidden structures that may harbor infections. 


THE VARYING ASPECTS OF TUBERCULOSIS 


Before discussing methods of examination I wish to call attention to 
the difficulty surrounding all attempts to standardize methods of diag- 
nosis, no matter how desirable such an accomplishment might be. As 
the discussion proceeds, the many conditions which militate against 
attaining such an end will become evident. Contrary to the teachings of 
the past clinical tuberculosis may make its first appearance in any part 
of the lung—the apex, the base, or anywhere between. The primary 
focus may be caused by few or many bacilli; the host may have a varying 
degree of natural resistance; and the primary focus thus result in a low 
or amarked immunity. Likewise, the reinoculations responsible for the 
chronic forms of the disease may be caused by few or many bacilli. 
Since these reinfections take place in individuals with varying degrees 
of both natural and specific resistance, the reaction of the immunized 
host to the invading bacilli must of necessity differ greatly in different 
instances. 

Granted that the same dosage of bacilli always would be responsible 
for the primary inoculation, which, of course, cannot be, the reactions on 
the part of different hosts would still be different; and so the primary 
lesions would differ. Granted that the reinoculating doses of bacilli which 
are responsible for the tuberculous disease always would be the same, 
which they too cannot be, they would still be met by different degrees of 
immunity and by cells which would react differently to similar stimuli, 
and so the diseases produced thereby would differ. . 

Since the symptoms and signs of tuberculosis are expressions of dis- 
turbance in the normal anatomical and physiological status of tissues, and 
since they are caused by the immunological reactions which take place 
between the infecting bacilli and their specific protein, on the one hand, 
and the infected host, on the other, it may be seen that variability in 
symptoms and signs must be the rule. This we shall now proceed to 
make clear. 
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We have, at one end of a series of cases of early clinical tuberculosis, 
infections of such a nature that the disease develops slowly and is accom- 
panied by symptoms which are so mild, and by signs which are so insignifi- 
cant that they are recognized with difficulty, if at all. At the other end 
of the series we have infections which cause rapidly developing disease 
with marked symptoms and signs. Needless to say the diagnosis of these 
two types is not made with equal facility. The greatest number of 
infections will produce effects somewhere between these two extremes. 
Accuracy in diagnosis demands that these differences in onset and mani- 
festation of activity be taken into consideration in our daily clinical 
experience. 

The symptoms and signs which make it possible to recognize clinical 
tuberculosis by the various established methods of examination repre- 
sent, as previously stated, departures from the normal in the domain of 
both anatomy and physiology; and the underlying cause of variation is 
the difference in immunological response brought about as a result of 
the entrance and growth of tubercle bacilli, varying in dosage and 
virulence, in the tissues of individuals who respond with different degrees 


of effectiveness. 


ALLERGY THE BASIS OF DIAGNOSIS 


It will be necessary in this paper to repeat some of the essential facts 
which I have discussed more completely elsewhere. I will refer those 
who are interested in the more extensive discussions to the original papers 
(1) (2) (3) (4) (5). 

It is known that, when tubercle bacilli enter the tissues of either an 
animal or man for the first time, no immediate symptoms are produced. 
The host, at first, even though the numbers of bacilli be quite large, goes 
about his affairs as usual, with no disturbance in his feeling of well-being. 
There is no change noted until the immunity mechanism has been set into 
motion. If the numbers of bacilli are small, an infection may take place 
and heal without the host’s even being aware of its presence. He does 
not become sick unless the numbers of bacilli causing the primary inocu- 
lation are sufficiently large not only to produce histological tubercle but 
to produce and liberate the amount of tuberculoprotein into the circulat- 
ing body fluids that is necessary to call forth an adequate degree of tissue 
response; or, failing this, not until the bacilli themselves, unchecked, have 
spread to other areas, repeating the phenomena of growth and production 
of tubercle and tuberculoprotein, until finally the effect of the products of 
all foci combined has been sufficient to cause symptoms. 
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The reason why illness promptly follows reinfection when it tardily 
follows primary infection is known to depend upon the fact that the body 
cells of individuals who have been previously infected possess a new power 
which is not possessed by the cells of those who have not been previ- 
ously infected; namely, that of meeting bacilli or bacillary protein with 
an inflammatory response, and meeting it promptly. 

In studying any phase of clinical tuberculosis one must bear in mind 
this difference in reaction between the nonimmune and the immune 
subject. The normal response of the body which has previously been 
infected, and has so been rendered allergic, is with inflammation, the 
tubercle-formation playing a secondary réle. The cells have acquired 
this new power of reaction under the stimulus of the tubercle bacillus 
and the bacillary protein which has been set free either as a metabolic 
product from the infected focus or from bacilli destroyed by the body’s 
protective mechanism. 

This allergic response, while not present at the time of the first bacillary 
infection, still dominates that phase of the primary infection which mani- 
fests itself after bacilli have awakened the immunity mechanism on 
the part of the host. Allergic reaction is the immediate and principal 
response of previously infected organisms to all subsequent bacillary 
inoculations, and it is maintained by the host as long as the body cells 
remain specifically sensitized to tuberculoprotein. It is this allergic 
reaction which is responsible for the changes in pathology and symp- 
tomatology, the character and course of the disease process, and the 
healing or death of the patient. 

The character of the reaction in any chronic tuberculous infection will 
depend upon the degree of specific sensitivity of the body cells which is 
present at the time when they are played upon by bacillary protein. In 
this the amount of tissue involved from preceding infections must be 
considered, for all unhealed foci are subject to allergic response. Then, 
too, one can but wonder what may happen to those bacilli which lie in the 
tissues without producing tubercle or calling out inflammatory reaction 
as pointed out by Bartel (6), Opie (7), and others. Might not the cells 
in which they lie embedded partake of some of the widespread allergic 
reaction that we at times see during the period of early manifestation of 
the disease following reinoculation? And, too, might not these bacilli, 
under conditions particuarly favorable to them, become pathogenic and 
be responsible for active disease? Is it not as reasonable to assume that 
disease is produced at times by these apparently harmless bacilli taking 
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on pathogenic properties, as to assume that the enveloping wall which 
surrounds bacilli becomes permeable, crumbles, and permits the enclosed 
bacilli to be carried to new tissues, as is so generally taught? Would not 
such an assumption also be in line with the accepted thought of epidemi- 
ologists who assume that epidemics of disease now and then find their 
origin in bacteria, which for the time being have assumed a condition of 
nonpathogenicity but which, under conditions particularly favorable to 
them, again take upon themselves the property of pathogenicity. 

The numbers of microdrganisms which cause a given infection on the 
one hand, and that indescribable property of the body known as resist- 
ance, both specific and nonspecific, on the other, are the factors which 
determine the character of the tissue reaction, hence the pathological 
changes, the symptoms, the character and the clinical course of tubercu- 
lous infections. 

The inflammatory response to infection may be so slight that only a 
mild hyperaemia may result, or so marked that the tissues and air-spaces 
may be filled with serous, cellular and fibrinous exudate; or it even may 
be so severe that necrosis with destruction of tissue takes place. 

It readily may be seen, since the symptoms and signs upon which the 
diagnosis of tuberculosis is based are caused by this allergic reaction, that 
they will be very mild in some cases and very severe in others. 


EARLY MANIFESTATIONS OF TUBERCULOSIS 


In order to make thisimportant fact clear, let us visualize the sequence 
of events which accompany the beginnings of chronictuberculosis. I say 
chronic because we are considering only reinfections. An infection has 
previously been present which has stimulated the host’s specific defense 
and provided him with the power to meet future inoculations with the 
allergic inflammatory reaction. The previous infection has either healed 
completely with destruction of bacilli, or viable bacilli still remain 
encapsulated in the tissues, and other bacilli which have failed to call 
forth cellular reaction may lie in the tissues in a nonpathogenic state. 
Such patients are liable to reinfection from without in case a sufficient 
number of bacilli gain access to the tissues to overcome the patient’s 
resistance; and, so long as viable bacilli still exist in the tissues, there is 
further an ever-present and greater danger of their taking on patho- 
genicity and causing disease as a result of such stresses as are met during 
life. 

When bacilli are already present in the tissues a minimal number 
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might become pathogenic and by direct extension or through the medium 
of phagocytes find their way to new tissues and become implanted with- 
out disturbing the physiological balance of the host sufficiently to make 
their presence known. If the implantation of small numbers of bacilli 
were repeated sufficiently often, however, quantities of tuberculoprotein 
sufficiently large to stimulate the immunity mechanism, would be set 
free, and cause an allergic reaction sufficiently marked at least to increase 
fibrosis about the original focus which might result in healing where it 
had previously failed. This might occur without producing recognizable 
symptoms. 

If the numbers of pathogenic bacilli implanted in new tissue were 
greater but still comparatively few, and the immunity of the host at the 
time was at a lowebb, spread of the disease might take place before the im- 
munity mechanism could be raised to the point necessary to successfully 
combatit. If, on the other hand, immunity was already well established, 
an allergic response of such a degree might follow the bacillary implanta- 
tion as to cause a varying degree of exudation and a local injury to the 
cells. Under former conditions there might be a widespread serious 
disease before the immunity mechanism was aroused to the point where 
the cells were sufficiently sensitized to call out a response which would 
cause a marked physiological disturbance. The latter condition, on the 
other hand, would in all probability be met by a quick response and 
almost immediate presentation of symptoms. 

Let us now assume a condition in which very large numbers of bacilli 
are responsible for the reinoculation. Under such conditions, if immun- 
ity were at low ebb, a rapidly spreading infection would probably follow, 
and probably be of the caseopneumonic type. If, on the other hand, 
the patient’s immunity were high, a marked allergic response would 
take place. Within a few hours, or at most within a few days, the 
patient would probably become severely ill with acute symptoms. 
Anatomically, aside from the tissues at the site of new implantation, all 
tissues adjoining foci of incompletely healed tuberculosis and therefore 
containing viable bacilli, wherever found in the body, would be subject to 
active inflammatory response when played upon by the circulating tuber- 
culoprotein elaborated in the foci of reinoculation. Asa result all such 
tissues and the neighboring air-spaces might be filled with serous, cellular 
and fibrinous exudates. 

In case of exogenous infections we can conceive of no condition similar 
to the minimal reinoculations from the endogenous focus; hardly, even, in 
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instances in which the contact is most intimate; for there is a great dif- 
ference in the ease with which bacilli already within the tissues can pro- 
duce infection compared with those coming from without, which must 
enter the tissues against the resistance of cells which are specifically 
endowed with properties to prevent their entrance. We can conceive, 
however, of the possibility of large numbers of bacilli coming from with- 
out and gaining access to the pulmonary tissues and producing reinfec- 
tion, if conditions for infection were particularly favorable. In case of 
such a happening the course would in no way differ from an endogenous 
infection. 

If we now endeavor clinically to diagnose the disease which has been 
caused by the successful implantation of tubercle bacilli in the body, we 
must be ready to find at one time little evidence, at another much; and 
yet to know that both may mean an active process. We further must be 
prepared to find difficulty in diagnosing some early lesions and to find 
others detected with ease. 

The reactivation of a previously quiescent focus may take place so 
slowly that several, or, it may be, many weeks, may elapse before suffi- 
cient anatomical and physiological changes are produced to cause symp- 
toms of sufficient magnitude to cause the jhost to give heed to them, or 
the signs to become so marked as to become detectable by the methods 
of examination usually employed. On the other hand, the picture 
may change from quiescence to severe inflammatory and exudative reac- 
tions, with fever, rapid pulse, marked nervousness, loss of appetite, cough, 
expectoration, reflex effects in other tissues and organs, and marked local 
effects at the site of active disease within a few days, possibly within a 
few hours. 

By understanding that tuberculosis makes its presence known by 
setting the immunity mechanism of the host into action and that the 
allergic inflammatory reaction is its most evident expression, it devolves 
upon physicians to familiarize themselves with this reaction in its various 
phases, so that it may be recognized when present. 

In fact, what we are attempting to do in diagnosis is not to discover 
tuberculous infection, but tuberculous disease; in reality to discover evi- 
dence of the tuberculoallergy, which is called into play whenever active 
foci produce and liberate tuberculoprotein in an immune host. Our 
usually applied methods, unfortunately, with the exception of the tuber- 
culin reaction, are too crude to discover the finest reactions; and our 
ability to interpret the reaction to tuberculin is as yet so untrustworthy 
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that we cannot depend upon this phenomenon to give us the evidence 
which it may possess. 

The entire organism is subject to the action of the allergic response 
produced as a result of active tuberculosis. It is influenced in three ways: 
(1) through the toxins; (2) reflexly; and (3) locally, in the tissues subject 
to the inflammatory process. ‘Toxins come from several sources to dis- 
turb the general physiological balance. Some result from bacillary meta- 
bolic activity, and others from the destruction of bacilli, lung tissue and 
exudate. 

Such organs and tissues as may be affected reflexly by impulses which 
arise in the inflamed pulmonary tissues are disturbed in their normal 
physiological balance. 

The local allergic reaction may cause an increased permeability or a 
rupture of the walls of delicate capillaries and may result in haemoptysis, 
an increased secretion of the bronchial glands, an exudate into the air- 
spaces, or a limited caseation followed by destruction of tissue with the 
appearance of bacilli in the sputum; or it may produce a local tuberculous 


pleuritis. 
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EXAMINATION OF THE PATIENT FOR EARLY CLINICAL TUBERCULOSIS 


It now seems that it will be profitable to discuss the manner in which 
tuberculoallergy may be detected by our various methods of examination, 
that we may the better assess the proper value of such methods. 

Clinical Symptoms: The symptoms of clinical tuberculosis are expres- 
sions of disturbances in physiological balance caused by the immunologi- 
cal reaction of the host to the invading bacilli; in other words, are the 
physiological disturbances caused by the allergic inflammatory reaction. 

One may realize, then, how variable they will be; how slight in those 
cases of light infection which progress insidiously, if they progress at all; 


' and how severe in those, caused by many bacilli, which bring about an 


immediate acute immunity response. This explains why in certain 
instances activity in tuberculosis shows itself only as a very low-grade 
toxaemia, possibly with a slight hacking cough and with practically no 
other symptoms unless a pleurisy or haemoptysis should appear, and in 
other instances it is accompanied by such severe toxic and reflex symp- 
toms as to totally derange physiological balance almost from the very 
start. 

Allergy manifests itself in the production of symptoms in three ways: 
(1) by producing general effects throughout the cells and tissues of the 
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body by the toxins; (2) by producing reflex effects in different organs and 
tissues through impulses which are picked up in the inflamed lung and 
carried centralward over afferent sympathetic and vagus fibres; and (3) 
by producing local disturbances in the infected tissues. 

The symptoms so grouped are as follows: 


Etiological classification of symptoms of pulmonary tuberculosis 


GROUP I GROUP I GROUP III 
SYMPTOMS DUE TO TOXAEMIA AND SYMPTOMS DUE TO REFLEX CAUSE SYMPTOMS DUE TO THE TUBER- 


OTHER CAUSES ACTING GENERALLY CULOUS PROCESS PER SE 


Malaise Hoarseness Frequent and _ protracted 

Lack of endurance Tickling in larynx colds (tuberculous bron- 

Loss of strength Cough chitis) 

Nervous instability Digestive disturbances (hy- | Spitting of blood 

Digestive disturbances (hy- permotility and hyperse- | Pleurisy (tuberculosis of 
pomotility and hyposecre- cretion through the vagus pleura) 
tion) or hypomotility and hypo- | Sputum 

Metabolic disturbances _re- secretion through the sym- 
sulting in loss of weight pathetics) which mayresult 

Increased pulse-rate in loss of weight 

Night sweats Circulatory disturbances 

Fever Chest and shoulder pains 

Blood changes Flushing of face 

Spasm of muscles of shoulder 
girdle 

Diminished motion of af- 
fected side 


People have different degrees of physiological stability; hence one 
person is disturbed and made ill by a degree of toxaemia which goes 
unnoticed by another. In one a slight infection in the lung irritates the 
larynx, causes hoarseness and releases the cough reflex, while in another no 
reflex effect is noted. And so it is throughout the category of symptoms. 
Haemoptysis, pleurisy (though only when it produces pain) and bacillary 
sputum, however, afford positive diagnostic evidence of unusual merit. 

There is no regularity in the order in which the symptoms of tuber- 
culosis make their appearance. The disease sometimes begins as a slowly 
advancing process caused by many small reinoculations which give out 
only minimal quantities of tuberculoprotein. This may result either in 
(1) healing, (2) the production of a gradually extending process, or (3) a 
sudden acute activity produced by a larger reinoculation from which 
larger quantities of tuberculoprotein are liberated. At other times tuber- 
culosis is ushered in or at least just recognized by an abrupt onset caused 
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by large numbers of bacilli in the reinoculation which liberate large quan- 
tities of tuberculoprotein. 

If one should see the patient when the disease is advancing slowly, 
there would be a time when no symptoms would be detected because the 
immunity response would be so slight that the local allergic effects would 
be microscopical and none of the resulting phenomena would be suffi- 
ciently pronounced to enter the field of recognition. At this time, how- 
ever, unless the patient’s resistance was lowered by some cause, we 
should expect to find a sensitization and an increased severity of reaction 
on the part of the cutaneous cells to the tuberculin test. Ifreinoculations 
should continue to take place, the cells of the body would become increas- 
ingly more and more sensitive to tuberculoprotein, because an ever- 
increasing degree of immunity would be on the way to establishment; and, 
finally, if the numbers of bacilli entering into the reinoculations should 
become sufficiently large, then the resulting phenomena would emerge 
into the recognizable physiological field as symptoms. 

The symptoms belonging to both the toxic and the reflex groups would 
then manifest themselves. Symptoms caused by the tuberculous process 
per se might occur earlier than those of a toxic and a reflex nature. That 
fact, and their intimate connection with the tuberculous process in the 
lung, is what adds so much to their importance. Irritation even of mild 
degree sets reflex impulses going. 

The toxic symptoms which appear, either in the slowly advancing or in 
the abrupt form of the disease, may, in fact they usually will, disappear 
after a time; sometimes temporarily, sometimes permanently. There 
are instances, however, in which the advance of the disease is progres- 
sively onward from the time of the appearance of recognizable symptoms. 
The disease, as a rule, consists of repeated reinoculations; small ones 
recognized with difficulty or not at all probably at frequent intervals, and 
larger and more definitely recognizable ones at greater intervals. 

An understanding of this manner of extension during the early period of 
the disease is of the utmost importance to early diagnosis, for it shows the 
relative value of the symptoms belonging to the groups above mentioned. 

The toxic symptoms may appear and disappear quickly; they may be of 
a mild nature and continue for either short or long periods; they may be 
severe and of short duration; or they may be continuous over long periods 
of time. 

The reflex group remains so long as the inflammation exists in the lung. 
This fact is particularly evident in the cough, the reflex spasticity in the 
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somatic muscles, and the limited motion of the chest-wall. When the 
atrophies which are due to the long existence of the disease once take 
place, they are permanent, because the degenerated tissues cannot be 
restored. The symptoms of a reflex nature are much more constant 
than those of toxic origin. 

The symptoms belonging to the group due to the disease process per se 
may not be present at all; but, if they are, they are of great diagnostic 
value. 

We must sum up the relative value of symptoms in some such manner 
as the following: 

Symptoms of group III are most definite in their diagnostic worth, but 
not always present. Their value is greatly enhanced by the presence of 
some symptoms of groups I and II. 

Symptoms in group II are the most constant, particularly laryngeal 
irritation, cough, and the reflex contraction of the muscles of the shoulder 
girdle; and in this we must include the limited motion of the side. These 
symptoms remain after the toxic group has passed away and are often 
present in the absence of symptoms of group III. However, their 
diagnostic value is greatly enhanced by the presence of symptoms of 
groups I and ITI. 

Symptoms of group I, even those present at the time of acute reactions 
following large reinoculations, are of little value in themselves, because 
they may be produced by the toxins from any infection. Themild symp- 
toms of this group may be due to mild toxaemia, such as is present when 
tuberculosis comes on insidiously, or to various disturbances in nervous, 
psychic or endocrine balance. When found in company with symptoms 
of groups II and III, however, no matter whether mild or severe in 
character, their significance is greatly enhanced, because then there is 
evidence added which may localize the disease in the lung. 

I have attempted to show the close relationship which exists between 
the allergic inflammatory reaction in the lung and the disturbances which 
we recognize as symptoms. By understanding this relationship we can 
come more nearly to the proper evaluation and to the assignment of the 
right degree of importance to the various aetiological groups of symptoms 
and also to the individual symptoms than is possible without such under- 
standing. By carefully eliciting and properly analyzing symptoms we 
can, without any other aid, make a probable diagnosis in nearly all frank 
cases of early tuberculosis, and even in many of the border-line cases. 
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PHYSICAL EXAMINATION 


By physical examination in early tuberculosis we attempt to discover 
evidences of the presence of allergic reaction in infected areas of the lungs 
by the use of our senses of sight, hearing and touch. 

Since the times of Auenbrugger and Laennec physical examination of 
the chest has consisted almost wholly in attempting to determine depar- 
tures from the normal in the sounds heard on percussing the chest-wall; 
in resistance perceived by the fingers on pecussion; and in departures 
from a supposed normal in the breath-sounds heard on auscultation. 
The senses of sight and touch, except as the latter is brought into use in 
percussion, have been used but sparingly, and then only to acquire in- 
consequential data. 

Inspection: While inspection heretofore has meant very little in the 
diagnosis of early tuberculosis, yet some evidence of the inflammatory 
allergic reaction, either past or present, or both, may be plainly seen in 
nearly every tuberculosis patient who presents for examination, if only 
its method of expression is known to the examiner. 

Signs of allergic inflammation may be detected in most cases of active 
tuberculosis by observing the motion of the chest-wall. Diminished 
motion results reflexly from the inflammatory process in the lung, which 
irritates nerve endings and causes stimuli to be carried to the cord, 
where they are transmitted in the midcervical segments to nerves which 
supply the muscles of the shoulder girdle and the crus and central tendon 
of the diaphragm. 

Through this reflex effect these muscles remain in a semicontracted 
condition, by which they are shortened. Asa result of shortening of the 

sternocleidomastoideus, scaleni and subclavius which are attached to the 
sternum, clavicle and first and second ribs above, and of the crus and 
central tendon of the diaphragm below, the respiratory motion of the 
affected hemithorax is lessened. This becomes a very important sign of 
early tuberculosis, as mentioned heretofore. It is more apparent and 
easiest of detection when the lesion is confined to one side, but may 
often be correctly determined by the eye of the practised examiner when 
both sides are involved. Given a history suspicious of active tubercu- 
losis, if there is little or no difference in the motion of the two sides of 
the chest, one should suspect that either tuberculosis is not present or 
there is a bilateral involvement. 

Of course, it must be known that pleural adhesions, lessened elasticity 
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of the lung tissue and inflammation of mediastinal tissues about the 
hilum, within the thorax, and inflammation of abdominal viscera will also 
cause lessened motion. When lessened motion is due to reflex contraction 
of the muscles, however, the increased tension may at times be suspected 
on noting that the sternocleidomastoideus, levator anguli scapulae or 
trapezius stand out more prominently than normal; or, better and usually 
more surely, by finding an increased tension on palpation. 

The possibility of determining the presence of spastic muscles on in- 
spection will vary greatly in different patients according to the character 
of the muscles, and according to the nature of the lesion. 

The fact of an allergic inflammatory reaction having been present in 
the lungs for a long period of time, or even sometime in the past, may at 
times be readily determined on inspection. It shows as an atrophy of 
those tissues which receive innervation from the midcervical portion of 
the cord, namely, the skin and subcutaneous tissue between the second 
rib and the angle of the jaw anteriorly and between the spine of the scapula 
and base of the skull posteriorly; and also as a degeneration of the ac- 
cessory muscles of respiration, namely, sternocleidomastoideus, scaleni, 
pectorales, trapezius, levator anguli scapulae and rhomboidei. 

All of these tissues may show atrophy plainly on inspection. When 
present it may be confirmed readily by palpation. _ 

Atrophy of the skin and subcutaneous tissue between the second rib 
above and the lower costal arch below, anteriorly, and between the spine 
of the scapula above and the lower margin of the ribs, posteriorly, is 
caused by parietal pleurisy. So, inspection enables one not only to tell 
that chronic inflammation has existed within the thorax, but further 
enables one to determine whether it affected the lung chiefly, the pleura 
chiefly, or both. 

The value of tissue atrophy resulting reflexly from previous allergic 
inflammation in the lung is of special importance because of the fact that 
clinical tuberculosis has so often been antedated by either a recognized or 
an unrecognized lesion, often in the samelung. On glancing at the chest 
it gives immediate suggestion of a previous infection and indicates which 
lung has been the seat of inflammation. 

Palpation: The presence of the allergic reaction, which is the essence 
of the pathological process in active tuberculosis, can be determined in an 
almost unfailing manner by palpation, because pathological reflex spas- 
ticity in the somatic muscles innervated by the nerves which take their 
origin from the midcervical segments of the cord is caused regularly by 
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stimuli arising in the lungs and in thelungsonly. It can also be detected 
as an increased density to the palpating finger. 

An increased tension in the neck muscles, which is detected when the 
head is held in a natural erect position, is always to be considered as 
probably having a relationship to an intrapulmonary inflammation; and 
when occupation as a cause is ruled out it is almost certain to have such 
a significance. While often suspected on inspection, it is proved best by 
palpation. 

If the spasticity of muscles is confined to one side, the matter is quite 
easy to determine; and, if accompanied by lessened motion of the same side, 
it is almost positively of pulmonary origin and due to an acute inflam- 
mation of the tissues. When bilateral it is at times difficult to determine 
by feeling the muscles alone whether one is palpating muscles which are 
normally tenser than is commonly met, or whether both lungs are the seat 
of an inflammatory process, but careful analysis of one’s findings will usu- 
ally lead to correct interpretation. 

The occupation of the individual and the condition of other visible 
muscles prove of great aid in determining the exact condition in doubtful 
cases. In all cases of severe dyspnoea, such as is met in asthmatics, 
increased tension is found in this same group of muscles without being due 
to reflex cause, but the history usually will enable one to rule out such 
cases. 

In determining the motor and trophic reflex one must bear in mind that 
the pectoralis major, sternocleidomastoideus and trapezius normally are 
somewhat lengthened and appear of smaller volume on the side of the 
hand and arm used more unless the patient be a mechanic or follow some 
other occupation which causes him to use these muscles a great deal. 
On the other hand, the levator anguli scapulae and rhomboidei are larger 
and tenser on the side of the arm used more in nearly all individuals. 

It is necessary for one who desires to learn to palpate the muscles of 
the shoulder girdle understandingly to study normals and then compare 
them with patients suffering from pulmonary tuberculosis. Muscles can- 
not be examined satisfactorily when the patient is lying down or when the 

muscles are on tension. The patient should sit erect on a comfortable 
stool without back, with feet flat on the floor and the trunk supported in 
an easy erect posture. The muscles of the shoulder girdle should be 
actively relaxed. 

The accessory muscles of respiration and the skin and subcutaneous 
tissue over the chest, neck and shoulders reflect in no uncertain terms the 
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present condition and past history of tuberculous patients, and the exami- 
ner who appreciates the reflex physiological relationship between the 
lungs and these tissues, and learns to detect the departures caused in 
them by pulmonary pathological changes will have at his command 
invaluable aids in diagnosis. 

The reflex tension noted when an active allergic reaction is present 
disappears when the inflammation has subsided. This fact increases the 
value of the condition of the muscles as a diagnostic sign of activity in 
pulmonary tuberculosis. 

The other manner in which the reaction in the pulmonary tissue may 
be detected on palpation is based on the fact that different densities 
in tissues may be recognized by palpation. The sensation to the finger 
of one skilled in palpating chests is different over the normal elastic lung 
tissue and over tissue which is infiltrated and the seat of an exudative 
inflammatory process, or over tissue containing considerable scarring. 
These pathological processes all add density to the tissues, and so increase 
the resistance to palpation in the same manner that they do to percussion. 
The principle involved in this process may be grasped by comparing the 
findings on palpating over a one-half or one-quarter-inch board with 
those over a two-inch board, or the latter with those over a four-by-four 
timber. Through palpation one may determine and follow the various 
changes which take place in the pulmonary parenchyma as a result of the 
pathological changes due to tuberculosis. Conditions of the pleura, 
mediastinum and heart may also be determined. 

Percussion: Comparatively few men ever become proficient in recog- 
nizing and interpreting the finer shades of pitch and quality, or the differ- 
ent degrees of resistance which are elicited by percussing small pulmonary 
lesions. Examiners have their minds fixed too much upon the supposed 
underlying tuberculous lesion, when in reality both the percussion note 
and the resistance detected by the finger mirror the condition of all of the 
tissues in the direction of the stroke. All alterations in elasticity of un- 
derlying tissues which have resulted from previous diseases change per- 
cussion data from the recognized normal. The muscles, both because 
of their mass and tone, become very important factors in the production 
and modification of percussion findings. This is particularly true in 
those areas above the second rib anteriorly and the spine of the scapula 
posteriorly, because of the variation in mass particularly posteriorly, 
and because in both areas the muscles contract reflexly when the un- 
derlying lung is involved. Large muscle mass and contracted muscles 
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produce elevation of pitch on palpation and increased resistance to the 
pleximeter finger as compared with lesser muscle mass and relaxed 
muscles. 

Because of the change in percussion findings brought about by the 
spasticity of the muscles covering the apex, the lesions of early tuber- 
culosis have always been put at the apex, even though the actual path- 
ological focus was located elsewhere in the lung. We now know that 
early tuberculous lesions are often found in parts of the lung other than 
the apex, but if the disease is active the apex will always show percu- 
tory change. 

The fixing of the first and second rib by the reflexly contracting apical 
muscles in front will produce changes on percussion that cannot be dis- 
tinguished from the increased density caused by an underlying apical 
lesion. Thesame is true of the contraction of the trapezius, levator anguli 
scapulae and rhomboidei over the surfaces posteriorly. ‘These muscles 
contract reflexly when lesions are in the centre or base of the lung, as well 
as when the apices are involved, because the effect is produced by nerve 
connections. 

So marked is the effect of contracted muscles on percussion that turn- 
ing the face to one side, while percussing either above or immediately be- 
low the clavicle, will cause a higher note and an increased resistance to the 
fingers on the side from which the face is turned, even though there be no 
pathological change in the underlying apex. The same thing is true of 
bending the head over to one side when percussing posteriorly. It is 
important that all neck and shoulder muscles should be in the resting 
state when percussed. When so placed, any increased resistance per- 
ceived by the finger or any elevation of pitch above that observed over 
its fellow on the opposite side must be investigated for the possibility of its 
being either an underlying increased density in the lung or a spasticity 
of the muscles reflexly produced from morbid changes somewhere in the 
underlying lung. 

I wish to emphasize this spasticity of the muscles because a failure to 
recognize its presence has caused error ever since percussion has been 
practised. The changes on percussion, which are due to the tuberculous 
process itself and which are caused by the allergic inflammatory and 
exudative process during the stage of acute reaction and by the prolifera- 
tive changes when the exudative process has passed away, can in no way 
be differentiated from the changes produced by the muscles. Bothcause 
changes in pitch and changes in resistance. Both are present in tuber- 
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culosis,—even in early tuberculosis. In fact, at times, in early lesions 
the contracted muscles cause more of the change elicited on percussion 
than the infiltration in the lung. 

Auscultation: The effect of the allergic reaction upon the breath-sounds 
can be inferred from the fact that this reaction in the pulmonary tissue 
may be anything from a mild localized hyperaemia to a severe wide- 
spread inflammatory, exudative process, in which the tissues and air- 
spaces are filled with exudative products, or a proliferative process repre- 
sented by various amounts of fibrous tissue. Neither must the remains 
of preceding products, such as changes in the pulmonary elasticity and 
density, changes in the overlying muscles, changes in the overlying 
pleura and changes in the mechanics of the chest be forgotten; for they 
too have their influence upon the respiratory sounds. 

Bacilli, themselves, on entering the tissues, have no more influence 
upon the respiratory sounds than do particles of carbon and silica, and 
were it not for the fact that they call out the immunity reaction, of which 
allergic inflammation is the expression, there would be no detectable 
changes. R 

Slight allergic reactions and small areas which have been the seat of 
allergic reaction, but which have healed largely by resolution, may cause 
no, or only slight detectable signs in respiratory sounds. Since there is 
always a muscular element in the respiratory note, and since the muscles 
of the shoulder girdle are thrown into reflex contraction as a result even 
of limited pulmonary inflammation, altered breath-sounds of muscular 
origin may be heard above the second rib anteriorly, and above the spine 
of the scapula posteriorly, even in the presence of comparatively small 
allergic reactions. ; 

If one wishes to appreciate this muscular element, let him compare the 
sounds heard with his stethoscope over the biceps during states of mild 
and strong contraction; or better over the first interspace anteriorly or 
above the spine of the scapula posteriorly when these muscles are relaxed 
and again when stretched by turning the head. At once the muscular 
element is noted. 

When the allergic reaction is more severe and more extensive, then the 
inflammation stimulates the bronchial glands to produce an increased 
secretion, and the exudation in the tissues and the serum, cells and 
fibrin poured out into the air-spaces cause not only changes in the respira- 
tory sounds but add adventitious sounds in the form of rales. 

Thus allergy acts upon the respiratory sounds as detected by the ear, 
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both through the effects of the inflammatory reaction in the pulmonary 
tissues and air-spaces, and through the influence exerted reflexly upon the 
muscles of respiration. 

A fairly widespread infection during or following a moderate or severe 
allergic reaction usually produces sufficient change in respiratory note 
and adds sufficient adventitious sounds through the exudative’ reaction 
to be of great diagnostic significance. A lesion which extends slowly by 
minimal reinoculations may, on the other hand, cause chiefly prolifera- 
tive phenomena and, unless very extensive, may produce signs on auscu- 
lation which are recognized with difficulty or not at all. The acute aller- 
gic response with loss of tissue and cavity-formation, which we find 
occurring as a result of a fairly large reinoculation in a pulmonic field 
which previously has been free or almost free from disease, may, after 
cavitation has taken place, show very few signs detectable by the stetho- 


scope. 

The muscular element on ausculation, the same as in palpation and 
percussion, varies with mass and tension in both normal and tuberculous 
chests. The influence of muscle when contracting, as when in reflex 
spasm, is to raise the pitch of the respiratory note, make it harsher and 


sometimes to add an element of roughness to it. 

The presence of previous pleuritis, evidence of which, in the form of 
persistent rales, is often found near an apex where subpleural lesions 
have existed, may cause great difficulty in diagnosis; for most expert 
examiners are at times unable to differentiate between rdles arising in the 
lung and those arising in the pleura. If the pleural lesion is old, the 
degeneration of the skin and subcutaneous tissue below the second rib 
anteriorly and below the spine of the scapula posteriorly will indicate 
that pleural adhesions, hence pleural rales, may be present. This at 
once puts the examiner on his guard; but it does not indicate that the 
rales may not be, at least partly, of pulmonary origin. Spastic apical 
muscles on the same side should be taken as indicating that there is 
inflammation of pulmonary tissue in the lung which might be a source of 
rales. 

Different methods are required to bring out rales under different cir- 
cumstances. Some are heard on ordinary respiration, some on deep 
breathing, some on cough, some on cough followed by immediate inspira- 
tion; and others only when forced expiration is followed by cough and 
immediate inspiration. This unfortunately characterizes pleural as well 
as pulmonary rales. The character of pulmonary rales differs at differ- 
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ent times. The character has been suggested as of diagnostic import; 
but at times pleural rales and pulmonary rales exhibit no difference that 
I can detect. 

X-Rays: In pulmonary tuberculosis different phases of the allergic 
reaction present themselves, some of which may be shown by the X-ray 
with ease, others with difficulty, the mild reaction consisting of only a 
hyperaemia and an exudative process microscopic in character, and the 
severe reaction which shows all of the signs of an acute inflammatory 
and exudative process, in which the tissues and air-spaces are filled with 
serum, cells and fibrin, present very different problems. 

It stands to reason that the mild reaction may be wholly missed by the 
X-ray, when the ordinary technique is used, while the severe reaction has 
in it the elements which will cast definite shadows on the plate. Plates of 
lungs to be of greatest diagnostic value would have to reveal activity 
and distinguish it from lesions which are inactive or healed. To do this 
they would have to show all phases of reaction from a slight hyperaemia 
and mild proliferation to the severe exudation here mentioned. But 
will they do this? Ofthe severe exudative lesions which are true pneu- 
monic processes and which cast soft flaky or fuzzy shadows, even though 
very limited in extent, there is no doubt, provided the lesions fall in the 
proper plane to be recorded; but of the milder reactions with slight ex- 
udation or only a mild hyperaemia or slight proliferation, showing little 
departure from the normal, there is considerable doubt. 

We can only assign the proper value to the X-ray in diagnosis, by know- 
ing first what changes in the lung constitute activity and, second, whether 
or not these changes will cast shadows on the X-ray film. I have dis- 
cussed particularly in a previous paper two conditions which interfere 
with the accurate defining of lung lesions by the X-ray. The first de- 
pends upon the fact that tissues, either normal or pathological, are 
defined with unequal ease and distinctness, according to the vertical 
plane in which they lie. Many lesions which should intercept the rays 
sufficiently to cast a shadow, were they near the plate, will not do so if 
they are near the tube. This condition is overcome partly by the most 
modern technique, but not wholly. The second is the fact that many 
tissues fail to cast a shadow, or cast so little shadow that it cannot be 
properly interpreted. The ability of structures to absorb the rays and 
cast a shadow depends on a certain law of physics, namely, that the rays 
are absorbed by them, according to the fourth power of the anatomical 
number of the elements composing them, as shown in the following table 
taken from a former paper of mine (8). 
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Relative capacity of different elements for intercepting roentgen rays 


Na P K Ca Fe 


Atomic no 11 15 19 20 26 
Capacity to 
intercept 


1,296) 2,401} 4,096)14, 641/20, 736/50, 625/130, 321/160 000/445 ,976 


The thicker the structure which absorbs rays, the denser is its shadow. 
The shadow of oedematous tissue should be more pronounced when 
much serum and many cells take part in the infiltration than when few 
cells are concerned. ‘These cells, on the other hand, affect the shadows 
on the plate much less than fibrous tissue and calcareous deposits. 
But no matter what may be the shadow-casting power of a given tissue, 
the intensity of the shadow on the plate will vary with the thickness of 
the tissues responsible for it as well as the vertical plane in which the 
tissue is located. 

If gross changes, such as exudative lesions, marked fibrosis, thickened 
pleura and even cavity, will at times fail to show on the plate taken at the 
usual metre distance, because of the inherent and technical reasons 
above mentioned, then we must not expect any single plates or any set of 
stereoscopic plates, so taken, to show all lesions which might indicate 
active disease. The five-foot plate with improved technique shows more, 
but it cannot show all that is desired in cases presenting only the mildest 
allergic phenomena. 

In clinical X-ray experience it has been a general practice to exclude all 
evidence of tuberculous disease, which fails to show an exudative or what 
is usually described as a parenchymatous lesion, as being of no positive 
diagnostic value. It is for the most part probably a safe practice, but 
there is one group of patients to whom this rigid rule may prove a 
danger. I refer to the group with poor physiological balance: usually - 
nervous, possessed of deficient physical strength and endurance, and as a 
rule given to fits of depression and worry. Many of those belonging to 
this group are as dangerously ill with a minimal infection as others who 
are stronger may be with a more severe one. So the anatomical amount 
and the pathological degree of reaction cannot be taken as the measuring 
line between activity and arrestment, between danger and security. 
While an exudative or parenchymatous lesion should always be inter- 
preted as being an active lesion, it would be unwise to interpret the ab- 
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sence of such parenchymatous lesion as positively meaning the absence 
of active disease, for films taken at frequent intervals will often show a 
clear field where a few weeks before there was a marked parenchymatous 
lesion, and we know that anatomical healing does not take place so 
quickly. 

The pulmonary tuberculous lesion which is most apt to be detected in 
the early period of the disease is the reinoculation caused by moderately 
large to large numbers of tubercle bacilli in an indivudal who possesses a 
well-aroused immunity mechanism. It is known that such a reinocula- 
tion quickly causes symptoms of illness; and, further, that such symptoms 
occur only as a result of a rapidly developing inflammation with exudative 
characteristics. Another type which may show up well on the film is the 
one caused by repeated reinoculations with moderate numbers of bacilli, 
in which an exudative process results from the cumulative effect of the 
repeated reinoculations and their escaping tuberculoprotein. 

The symptoms in both of these types are dependent upon the inflam- 
matory allergic reaction caused by bacilli and the bacillary protein result- 
ing from the metabolic activity within the focus and from the destruc- 
tion of bacilli brought about by the patient’s defensivemechanism. The 
resulting reaction, while greatest at the point where the tubercle bacilli 
are implanted and where the tuberculoprotein comes in contact with the 
body cells in most concentrated form, is also present, though to a less 
degree, in all tubercles containing viable bacilli. 

Thus, early tuberculosis, if caused by large numbers of bacilli, may 
show pathologically as a severe exudative inflammation at the point 
where the bacilli are attempting new implantation, or where they are 
producing larger quantities of tuberculoprotein; and, when caused 
by many or only moderate numbers of bacilli, it may appear as a moder- 
ate degree of inflammation in all areas of unhealed tubercle. Conse- 
quently, the X-ray plate, depending as it does, for its diagnostic value 
upon the varying abilities of the tissues to intercept the rays and cast 
shadows, may readily reveal unquestioned evidence of active tuberculosis 
in the form of soft flaky shadows in all cases in which an inflammatory 
exudative reaction has been set up by one or more fairly large doses of 
bacilli implanted in immune tissues, as well as in instances in which 
repeated reinoculations with fairly large numbers of bacilli have taken 
place; but it may wholly fail to reveal the mild reactions of hyperaemia 
and proliferation due to implantations of few bacilli. 

Examination of Sputum: Our conception of immunity in tuberculosis 
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and the different phases of the allergic reaction explains the finding of 
bacilli in the sputum, at times, as a very early accomplishment, and 
at other times as a late one. 

It may be very early in those cases in which a reinoculation of moder- 
ately large or large numbers of bacilli takes place, for the resulting foci 
under the effect of a severe allergic reaction may go on to caseation and 
necrosis with the discharge of bacilli in the air-passages in a few days’, 
possibly a few hours’ time, with larger dosage and marked allergy. Ifthe 
bacilli are of endogenous origin there may be other unhealed foci in the 
body, and an accompanying allergic reaction may result, not only in 
inflammation at the point of implantation, but also in any or all unhealed 
foci surrounded by incompetent walls wherever present. As a result of 
the exudation which takes place in the tissues and air-passages the spu- 
tum may show an increased cellular content as well as the presence of 
bacilli. 

This allergic reaction, being confined to those areas which are the seat 
of unhealed tubercle, is usually very limited in extent at this time. 

Such material as may be expectorated at this time should always be 
carefully examined for evidence of tuberculous infection. It may show 
an increased albuminous content, an increased cellular content, and tu- 
bercle bacilli; or it may show nothing of diagnostic import. However, it 
is surprising how early bacilli appear in the sputum at times; so they 
should always be searched for carefully. 

The finding of bacilli in other instances may be a late manifestation. 
If the reinoculations are produced by few bacilli, and not repeated too 
frequently, necrosis with destruction of tissue and the exudative phase 
of the allergic reaction will not appear at first, if at all. Even the stimu- 
lation of the mucous glands may not take place to a degree sufficient to 
cause the presence of sputum, nor are bacilli likely to appear in the spu- 
tum if present. Pathologically, the allergic effect in such cases will be 
wholly or preponderantly proliferative. 

No sputum should be declared negative for tubercle bacilli unless 
examined by one of the concentration methods, and not then until one 
or two three-day specimens have been examined. The time of search is 
also important, for only one-fourth as many positive findings result from 
a two-minute search as result from a ten-minute search. 

Tuberculin Test: I shall mention the tuberculin test, because it is the 
test for general cellular hypersensitiveness, the presence of tuberculo- 
allergy, as this affects the body cells both surrounding and at a distance 
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from foci of disease. A positive reaction of the hypersensitive cutaneous, 
conjunctival, vaginal, rectal or testicular cells to tuberculin, when locally 
applied, or a reaction in perifocal cells, either with or without general 
response, when the tuberculin is injected into the body in such a manner as 
to gain access to the circulating body fluids, shows that they have been 
sensitized by contact with tuberculoprotein; and we know that this only 
occurs regularly in the life of human beings when they have been infected 
by living tubercle bacilli; therefore, we interpret the presence of a condi- 
tion of cell hypersensitiveness to tuberculin as meaning the presence of 
an infection with Koch’s bacillus, at the time or at some time in the past. 

A positive tuberculin reaction on the part of an individual, therefore, 
no matter what cells are used for the test, means that he harbors some- 
where in his body a tuberculous infection; whether active or not such a 
reaction does not determine. If only we could make certain types of 
reaction mean activity, the test would be of greater advantage in diagno- 
sis. I have used the subcutaneous tuberculin test in conjunction with 
other methods of diagnosis for more than thirty years, and the cutaneous 
and intracutaneous methods since their discovery twenty years ago, and 
have checked them according to the type of reaction with my other 
findings. 

In interpreting the test, I have attempted to take advantage of the fact 
that the sensitivity of the cells decreases with the quiescence, arrestment 
and healing of tubercle and with intercurrent infections and states and 
conditions characteristic of low bodily vigor. I have considered that a 
marked sensitivity to tuberculin means the presence of a focus which is 
either giving out bacillary protein and possibly bacilli at the time of the 
test or has been in the recent past and which has been playing upon the 
immunity mechanism and keeping the body cells markedly hypersensi- 
tive and the resulting allergic reaction high. In interpreting the test it 
has been necessary to bear in mind that a negative reaction may mean 
either no previous infection, a healed lesion, or a depressed allergy at the 
time. 

All tests which make use of the general hypersensitiveness of the tissues 
distant from the focus of infection afford information as to the general 
state of allergy present, when tuberculoprotein is introduced parenter- 
ally, and brought into immediate contact with the cells. A focal reac- 
tion produced by bacillary protein which is injected subcutaneously, 
however, may mean more than that, for the focal reaction bears an inter- 
pretation of indicating a higher state of sensitivity of the perifocal cells, 
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due to the fact that they are or have been subjected to the prolonged in- 
fluence of larger doses of more concentrated solutions of tuberculoprotein 
than the cells generally. Judging from experience in treating tuberculo- 
sis patients with tuberculin, the marked sensitivity of perifocal cells, 
which makes them react to circulating protein while cells generally do 
not so react, finally disappears when healing is completed; so a focal reac- 
tion should be obtainable so long, and only so long as marked hypersensi- 
tivity of perifocal cells is kept up by bacillary: protein escaping from 
within the focus. All sensitization may disappear after the lapse of 
time. Focal reactions are not always easy to discover, even by the 
most careful technique at our disposal. 
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TUBERCULOUS INFECTION IN SCHOOL CHILDREN! 
E. FENGER, P. M. MATTILL anp E. PHELAN 


Studies on the incidence of tuberculous infection in children have been 
made largely on those children attending city dispensaries and hospitals 
and treated for some nontuberculous condition. That these studies have 
not accurately represented the incidence of infection in children in 
general has long been recognized. 

In recent years, some thorough and extensive studies have been made 
on school children. Slater’s (1) report of only 10 per cent infection in 
rural Minnesota is in striking contrast with reports from the large cities. 
The report of Hetherington (2) on work done in three Philadelphia 
schools, on the other hand, does not differ markedly from the high in- 
cidence of infection reported by Hamburger and Monti (3) in Vienna. 
Hetherington found a total of 72.1 per cent infected in 1,999 children 
ranging in age from 5 to 16 years. Other reports show a percentage 
between these extremes. Arnfinsen (4) found a percentage of 37.7 in 
examining 5,568 children in the State Schools of Tronhjam. The 
percentage positive in 350 private school children in the same city was 
35.4 per cent. Chadwick’s (5) extensive studies in Massachusetts show 
an average percentage incidence of 28 per cent in the first 42,000 ex- 
amined. This work in the first three years was done with selected groups 
of children. Fiirstner-Risselada (6), in Holland, found an incidence of 
27.1 per cent infected in the age-group of 6 to 13 years. Harrington and 
Myers (7), in examining 2,118 Minneapolis school children, found an 
incidence of 43.3 per cent. Ferguson (8), in Saskatchewan, found an 
average incidence of 56.6 per cent in 1,346 examined. McCain, Lee and 
Yoder (9), in North Carolina, found 24.3 per cent positive reactors in 
7,005 children tested. (Table 1.) 

Our study was made as a part of a general health survey, begun by 
Dr. E. S. Mariette and carried out through the Out-Patient Department 
of Glen Lake Sanatorium. The plan at first was to confine the work 


1From the Out-Patient Department of the Glen Lake Sanatorium, Oak Terrace, 
Minnesota. 
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to one school and repeat the examination each year. After the work 
was well started, it was felt that examinations repeated every three years 
would serve the purpose equally well; and other schools in the county 
had by this time asked that they might be included in the survey so that 
the present plan is to do the work in all the schools in the county desiring 
it. During the past two years the Hennepin County Tuberculosis 
Association has codperated with the Sanatorium in carrying on the 
study. 

The plan of the work is briefly as follows: Signed permission is obtained 
from all parents who wish their children to be examined. The examina- 


TABLE 1 
The incidence of tuberculous infection in school children as reported by various authors 
Per cent positive 


MASSA- | TRONHJAM |THE HAGUE PHILA- 
CHUSETTS | NORWAY (FURstT- DELPHIA 
(CHAD- (ARNFIN- | NER-RIS- (HETHER- 
WICK) SEN) SELADA) INGTON) 


RURAL 
MINNESOTA 
(FENGER- | (SLATER) 
MATTILL) 


10 20.2 45.8 
6 22.2 24.1 . 53.1 
10 23.9 26.9 A 68.3 
11 24.4 34.7 : 67.0 
11 27.9 37.7 ‘ 72.9 


12 30.4 46.6 : 83.5 
12 34.4 47.8 .! 83.1 
13 33.3 51.7 ; : 89.5 


6 

7 

8 

9 

10 

11 9 28.6 39.9 75.7 
12 

13 

14 

15 7 34.6 60.6 ‘ 93.2 


Total exam- 
1,654 41,169 | 5,568} 1,505 1,346.1 4851 


Total per cent. ‘ 10.3 | 28.06 37.7 27.1 P 56.6 71.7 


tion includes the Pirquet test. At first, all children who would go to the 
Sanatorium were X-rayed, but at the present time an effort is made to 
have X-ray films taken in only those who have a positive Pirquet or who 
have some physical signs which indicate a need for it. Any defects 
found are reported to the parents with instructions to consult their family 
physician for advice and treatment. 

From the standpoint of tuberculosis the purpose of this study was (1) 
to determine the incidence of tuberculous infection in unselected groups 
of school children and by follow-up work to discover, if possible, the 
sources of infection in the positive reactors, and (2) to collect data by 
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repeated examinations for the study of the evolution of tuberculosis 
from childhood through adolescence. Our report concerns itself pri- 
marily with the first part of the above plan, together with a brief con- 
sideration of underweight in the infected group and the findings on the 
X-ray film. 

The cutaneous tuberculin test was used throughout. At the beginning 
of the study the tests were made by the various men doing the physical 
examinations, but it was soon evident that more consistent results would 
be obtained if the tests were made and read by the same individuals. 
As a result, the authors have, for the past two years, made and inter- 
preted all of the tests. The following uniform technique, developed at 
Glen Lake Sanatorium, was employed: The forearm was cleansed with 
95 per cent alcohol and one dental burr was used in making the scarifica- 
tions. Two scarifications were made, the lower always being the control. 
The control test was made first, with or without a glycerine-broth mix- 
ture. The drop of tuberculin was placed on the arm with a tuberculin 
syringe and a no. 25 needle, so that a fairly uniform drop could be used 
in each case. The upper scarification was then made through the drop 
of tuberculin, after which a tiny pledget of sterile cotton was placed on the 
tuberculin and kept in place with a narrow strip of adhesive. The 
children were instructed to remove the adhesive and cotton after four to 
five hours. After the burr had been used, it was dropped into 95 per cent 
alcohol to wash off any remaining tuberculin before being boiled for 
further use. With the help of the nurse and one other assistant, one 
hundred tests an hour could be easily done. 

Our readings were all made at 48 hours and according to the following 
standard: When the upper scarified area showed nothing or very slight 
redness of practically the same extent as the control, it was considered 
“negative.” If the upper scarification showed definitely more redness 
than the control, but less than 5 mm., it was classed as ‘‘questionable 
positive.” Redness and oedema about the upper scarification of 5 mm. 
or more was considered as a “definite positive.”” The definite positives 
were graded as follows: 5 to 15 mm. was one plus; 15 to 25 mm., two 
plus; 25 mm. and over, three plus; and the presence of vesicle formation, 
lymphangitis, axillary adenitis, with an otherwise three-plus reaction 
was called four plus. No effort was made to measure separately the 
papular area of infiltration and the larger area of erythema. The 
tuberculin used was obtained from the Trudeau Laboratory at Saranac 
Lake. We should have liked to have used the tuberculin from the same 
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strain of tubercle bacilli throughout but we were not able to obtain a 
sufficient quantity. Human and bovine tuberculins were used simul- 
taneously in a number of cases, but there was no appreciable difference 
in the number reacting to either one or the other. 

The number of children tested was 3,011 out of a total enrollment of 
5,576.2 In all of the larger schools, with but two exceptions, a sufficient 
number of tests was done to obtain results which would be representative 
of that community. No child was examined or tested without the 


TABLE 2 
The distribution of examinations and Pirquet tests according to school districts 


PER CENT POSITIVE 


NUMBER PIRQUETS 
PIRQUETS 


DONE 
NUMBER POSITIVE 


PER CENT (?) PIR- 
PIRQUETS 


NUMBER (?) PIR- 


PER CENT 


An WwW 


*Harley Hopkins 
Minnetonka Mills 
Robbinsdale 


* District “H” 


parents’ permission, but in some cases in which permission had been 
given, especially in the older groups, the child refused to have the test 
done. In one of the larger schools, there were 10 who had a definite 
family history, but refused to allow the test to be done. The positives 
obtained from this number would not have greatly influenced the per- 
centage in this school; in one other of the larger schools, where only 


2 Since writing this paper we have tested a total of 3,575 children out of a total enrollment 
of 6,325. The positive Pirquet reactors total now 361 or 10 per cent, the questionable posi- 
tive reactors total 517 or a total percentage of 14. 


SCHOOL | 
Z 
| 
780} 621) 80 4444 45] 10 
*St. 250] 216] 86 161} 31] 19 
472} 392) 83 373| 29 9 
101| 19] 18 
St. Louis 1,101] 903] 82 795} 61] 8 

164 16] 10 19 | 12 
| 190 97; 51 89} 15 2 11 | 12 
57) 11] 2 2| 4 
50} 54 265 2| 8 1| 4 
79} 18] 23 3] 4 
43} 19 7| 16 
529} 132] 25 48 | 9.07 
5,576] 3,706] 64 | 3,011] 398] 13 | 9.9 
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27 per cent of the total was tested, the percentage would no doubt have 
been higher, had a larger number been tested. (Table 2.) 

The number of “questionable positive” reactions were 398, or 13 per 
cent of the total number examined. These reactions were probably of 
little sign ficance and they were reported to the parents as negative. 

The number of “definite positives’? was 299, or 10 per cent of the 
total. Practically two-thirds of all the positives (189) fall in the one-plus 


TABLE 3 
Children reacting to tuberculin according to age and sex 


POSITIVE REACTORS QUESTIONABLY POSITIVE REACTORS 


Number Per cent Number Per cent 


Girls Girls Boys i Girls 


2 : 10.5 4 9 | 21.1 
22 16.5 20 | 14.3 
27 .3 | 14.9 
27 
24 
22 
15 
24 
12 
10 


9. 
4. 
8. 
10. 
15 

5. 


1 
2 
7 
6 
7 
3 
9 
1 
3 


10.9 


TABLE 4 
Relationship of exposure to degree of reaction 


DEGREE OF REACTION NUMBER CONTACT EXPOSURE 


4+ Pirquet 53 18 
3 + Pirquet 22 7 
2 + Pirquet 35 12 
1 + Pirquet 189 29 


group, while the next largest (53) is in the four-plus group. It is, we 
believe, significant that in both the three- and four-plus groups the 
percentage of definite contacts and histories of exposure is more than 
double that of the one-plus group. Another point of interest is in the 
variation in the percentage of positive reactors in the various schools. 
District H has a percentage higher than that of any other school district. 


AGE 
Boys Girls Boys 
5 31 19 0 
6 167 133 18 : 
7 189| 148] 20 
8 157 159 19 ; 
9 143 132 13 
10 141 154 13 
11 136 126 20 
12 151| 148] 13 | 
13 131| 126| 14 | 
14 124 117 19 
15 68 75 4 6 8.0 4 8 5.9 | 10.7 i 
16 56 60 4 6 10.0 4 3 4:1 5.0 } 
17 43 29 7 7 24.1 5 3} 11.6} 10.3 i 
18 29 19 Z 2 10.5 2 y 6.9 | 10.5 i 
Total....| 1,566 | 1,445 171 128 | | 8.9 202 194 | 12.9 | 13.4 i 
PER CENT 
5 43.4 
3 45.5 
0 34.3 
12 21.3 
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District St. L. P., adjoining District H, where a larger number was 
examined, shows a total incidence of only 6 per cent. The explanation 
of the difference in the percentages of positives in the two districts cited 
may, in part, be seen in the number of contacts listed for each place. 


TABLE 5 
Relation of Pirquets to exposure 


POSITIVE PIRQUETS | NEGATIVE PIRQUETS 


Number | Per cent | Number | Per cent 


Definite exposure 69 ; 37 34.9 
History of exposure 19 25 56.8 


88 ‘ 62 41.3 


TABLE 6 
Relation of exposure in total group 


DEFINITE HISTORY OF TOTAL NO HISTORY 
EXPOSURE EXPOSURE OF EXPOSURE 


Num-} Per |Num-| Per |Num-| Per |Num-| Per 
ber | cent | ber | cent | ber | cent | ber | cent 


Positive Pirquets 299} 69] 23.1) 19] 6.4] 88 | 29.5; 211) 70.5 
Negative Pirquets 2,712) 37| 1.44 62] 2.3/2,650) 97.7 


TABLE 7 
Showing the relationship between nutrition and the reaction to tuberculin in children in 
Philadelphia and Hennepin County 


NUTRITION 


TOTAL NUMBER 
Normal or 


REACTION TO TUBERCULIN overweight Underweight 


Phila- | Henne-| Phila- | Henne-} Phila- | Henne- 
delphia | pin Co. | delphia | pin Co. | delphia | pin Co. 


2,712} 348) 2,066) 208 646 
90 27 89} 28.5; 93 


299; 922) 252) 521 47 
10 73 11) 71.5 7 


3,011) 1,270) 2,318) 729 693 
100 64 77| 36 23 


In District H there were 36 and in District St. L. P. there were 19. The 
total number examined in each district was 648 and 795 with a positive 
percentage of 18 and 6 respectively. Assuming that the contacts were 
as definitely known in one district as the other, then the opportunities 


| 
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for infection should be 2.3 times as great in District H as in District 
St.L.P. Other factors, such as housing, economic and social conditions, 
should be considered; nevertheless, the relation of known contacts to the 
total percentage infected appears significant. (Tables 3 and 4.) 

It will be noted that the percentage of “‘definite positives” is greater at 
6 years than in any succeeding age group except the 17- and 18-year 
groups. ‘Thereisa total absence of the usual finding of a gradual increase 
from the younger to the older groups as reported by most authors. 

Among the positive reactors, those coming in the four-plus group were 
of special interest. A definite lymphangitis, in some cases extending 
almost into the axilla, was the most common characteristic of this group. 
Vesicle-formation was seen occasionally as well as axillary adenitis. 
In a few cases, the child said it had not felt well the day following the 
test; this indisposition probably indicated the height of the reaction. 
TABLE 8 
Summary of X-ray findings 


TYPE OF PATHOLOGICAL LESION ae pe eg TOTAL 

Plourigy, 3 9 
1 1 
Hilum with intrapulmonary nodes.............. 12 6 
Hilum with 5 2 


The four-plus reactions are of definite clinical significance, as they 
represent the children, we believe, who have had recent or repeated 
infections. “Many of these were from families with known contact; in 
others, we felt, that in spite of a negative history, if all the child’s con- 
tacts could be known, a definite open case of tuberculosis would be 
found. In a few cases, follow-up work established the contact case; in 
others the follow-up gave presumable evidence but the proof was not to 
be had, simply because the supposed contact would not submit to 
further examination. 

In classifying our contacts, we have listed the definite exposures as 
those who were known to come from homes in which there were open cases 
of pulmonary tuberculosis. Those in which a history of tuberculosis in 
the family was given, but no contact or open tuberculosis could be 
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established, were classed in a group of questionable exposures. In this 
group were 7 who had a history of having had cows which reacted to 
tuberculin. There were 106 cases in which there was definite contact; 
of these, 65.1 per cent were positive reactors. In the group (44) givinga 
history of tuberculosis in the family, there were 43.1 per cent positive 
reactors. (See tables 5, 6 and 7.) 

The presence of malnutrition in our group of positive reactors does 
not appear significant. In our total group there were 2,318 of normal or 


Comporative Percentages of 
Positive and Questionable Positive Von Dirquets 


AGE 


overweight subjects, and, of these, 252, or 11 per cent, were positive 
reactors. There was a total of 693 underweight, and only 7 per cent of 
these were positive. The underweights, both positive and negative, 
were 23 per cent of the total number of cases tested. (Table 8.) 

The number of children having stereoscopic X-ray films taken was 
898. Until recently no effort was made in selecting children to be 
X-rayed, so that we feel that the X-ray findings are representative of the 
entire group tested. There were 91 films showing evidence of lesions 


UV 

| | 
| | | 
TOTAL] 20 272) 253] 228] 19.5 | (24 |18.3 | 14.6/305|270) 
Cuart 1 
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which might be interpreted as being due to tuberculosis. Of these, 51, 
or 56 per cent, reacted positively with tuberculin and 40, or 44 per cent, 
were negative. The distribution of these findings is found in table 9. 
The X-ray films showing the adult type of lesion were interpreted as 
being a fibroid type of infiltration, having in all probability no clinical 
significance, and this was in agreement with the physical findings in 
each case. 

There were no active cases, adult type, of pulmonary tuberculosis 
found. One adolescent girl, giving a negative Pirquet when examined, 
later developed active pulmonary tuberculosis and received treatment 
at the Sanatorium. An X-ray was not taken at the time of the school 
examination. Seven children of those examined were admitted to the 
Preventorium with a diagnosis of juvenile tuberculosis and there were 
six others who had previously received treatment at the Preventorium. 


COMMENT 


The interpretation and significance of our tuberculin reactions require 
further discussion. The questionable reactors form a very distinct 
group; the redness at the site of scarification was always more than could 


be accounted for by the trauma in making the test, but it was less than 
the standard for a positive reaction as given by the Pirquet test. Grant- 
ing that they have little clinical significance, they do require considera- 
tion from the standpoint of tuberculous infection. Krause (10) has 
reported a case of extensive tuberculous disease in which hypersensitive- 
ness to the cutaneous tuberculin test (Pirquet) was entirely lost. Austrian 
(11) has reported observations in children over a period of 8 to 12 years, 
showing that tuberculous infection may vary in degree from time to 
time. Children reacting negatively to the Pirquet test reacted positively 
to 0.01 mgm. tuberculin intracutaneously when given at the same time. 
Willis (12) has shown by experiments with guinea pigs that when they 
were infected with tubercle bacilli of low virulence there is a declining 
cutaneous allergy as the infection subsides. After failure to react to 
twice the usual dose, they reacted positively to five times the ordinary 
reactive dose. If our “questionable positive” reactors represent a very 
slight infection or an infection that is dying out, then they would be 
important in so far as they indicate a low degree of immunity, assuming, 
as Krause (13) does, that allergy and immunity go hand in hand. It 
would have been of very great interest and value, if all of the positive 
reactors in this questionable group could have been definitely determined 
by repeated Pirquet and intracutaneous tests. 
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If, as we have assumed, the “questionable positive” reactions represent 
a slight infection or an infection that is dying out, then the marked 
reactions should indicate something as to the degree of infection. 

Pottenger (14) says that “the nature of the tuberculin (Von Pirquet) 
reaction affords valuable diagnostic evidence. It gives an idea of the 
degree of sensitization present and if marked sensitization is present, it 
suggests that the patient is or has recently been fighting active tuber- 
culosis.”” Pirquet (15) thinks that “‘A high reactivity does not prove the 
existence of an active tuberculous process in the sense that the tuber- 
culosis is progressive. It only proves that the organism has recently 
come in contact with the tubercle bacilli or their poisons.”” McPhedran 
(16) believes that the tuberculin reaction gives important indications 
as to the activity of the lesion, and that after the fifth year an intense 
reaction to 0.01 mgm. of tuberculin suggests an active lesion, especially 
if calcium infiltration casts a soft shadow. Furthermore, he believes 
that intense tuberculin reactions in several children of the same household 
may point to an unsuspected or apparently arrested source of infection. 

The cases in our study showing marked reactions to tuberculin are, 
we believe, the children to whom special attention should be given. 
They should be kept under observation and examined from year to year, 
and, whenever indicated, should be hospitalized. In this group are to be 
found those who have been repeatedly infected in the home and, while 
the marked allergic reaction may indicate a definite degree of immunity, 
they are not, as Opie (17) has shown, protected from further infection, if 
they remain in contact with the source of their infection. Therefore, 
it is imperative to remove the children from the source of their infection 
if their health is to be safeguarded. Eberson (18) has reported on the 
lymphangitis accompanying the Pirquet reaction when certain deriva- 
tives of O. T. were used in making the test. Our work definitely shows 
that these reactions may be obtained with standard preparations of Old 
Tuberculin. The method of applying the test was essentially the same 
in our work as in Eberson’s, so that the technique used in making the 
test is probably the important factor in producing this reaction. 

The high percentage of positive reactors among those children defi- 
nitely exposed is well known. Slater found that 80 per cent of the 
definite contacts gave a positive reaction. Chadwick finds twice as 
many positive reactors in the children giving a history of direct contact 
with a case of pulmonary tuberculosis, as is found in those giving a 
negative history. Our study likewise shows the large percentage of 
positive cases in the contact group, and this high percentage compared to 
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the relatively low percentage of positive reactors in our total group 
emphasizes the need for early discovery of the open case of pulmonary 
tuberculosis. 

The association of underweight with tuberculous infection may no 
longer be accepted asa general rule. Chadwick thinks that malnutrition 
is not a predisposing cause but that, when it exists, it may be the result 
of tuberculous infection. Hetherington finds that weight below normal 
is not more frequently found in children in whom latent tuberculous 
infection is shown by sensitiveness to tuberculin than in those who give 
no skin reaction. He thinks that underweight has little, if any, value in 
the diagnosis of latent tuberculosis. Our study clearly shows that 
underweight does not necessarily follow as a result of tuberculous 
infection. 

The value of the X-ray film in children infected with tuberculosis 
cannot be questioned, even though there is no exact correlation between 
the X-ray findings and the Pirquet reaction. Myers (19) found that 
only 68 per cent of the children with lesions interpreted as being primary 
foci gave a positive tuberculin reaction and that 53 per cent of the 
children with calcification of the hilum lymph nodes reacted positively. 
Opie (20) finds that about 17 per cent of children with negative tuber- 
culin reaction have some X-ray evidence of tuberculous infection. There 
is rather a large percentage of negative reactors among those showing 
positive findings with the X-ray in our study, especially in those films 
interpreted as having a healed primary lesion. This failure in correlation 
between the X-ray and Pirquet findings might result from the mis- 
interpretation of the X-ray film or it may result from the healing of the 
tuberculous lesion with the subsequent disappearance of the skin sen- 
sitiveness. The latter explanation would seem to be the more satis- 
factory one, as all our films were read by an experienced roentgenologist. 


SUMMARY 


1. The incidence of tuberculous infection in school children in rural 
Hennepin County, Minnesota, is much lower than that usually reported. 

2. The “questionable positive” group may represent an infection that 
is of such low grade that it gives no appreciable reaction or it may repre- 
sent a once active infection that is dying out. 

3. The markedly positive group represents those cases having received 
recent or repeated infections. An effort should be made to find the 
source of infection wherever it is not known. These children should 
be given special attention, so that they will not develop manifest tuber- 
culosis as they pass from childhood through adolescence to maturity. 
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4. The high incidence of tuberculous infection in the contact cases is 
again shown. 

5. Malnutrition does not seem to predispose to infection nor does it 
necessarily follow after infection has taken place. 

6. X-ray plates are essential in determining pulmonary involvement in 
infected cases; there is not a complete correlation between the positive 
reactors and the findings on the X-ray films. Nevertheless, the X-ray 
gives much valuable information and films should be taken in at least 
all of the positive reactors. 
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THE DISAPPEARANCE OF SCROFULA! 
H. R. M. LANDIS 


At this meeting it would seem appropriate to direct attention to what 
may properly be regarded as the most signal triumph of the crusade 
launched against tuberculosis twenty-five years ago. Those of us who 
began our medical studies toward the end of the last century can recall 
the great frequency with which scrofula or tuberculous adenitis in 
children was encountered. It was ever present in the dispensaries, and 
in the absence of material for surgical clinics and ward classes there were 
always and at all times available cases of this nature. Furthermore, 
necks bearing the scars of operation, or, still more unsightly, those with 
the ragged scars following suppuration of the infected lymph nodes, were 


an everyday sight. 


Scrofula presents itself in two forms: first, the type seen in young 
children and, second, that occurring in adults. Clinically there is no 
difference. In both types the lymph nodes become distinctly enlarged. 
They are readily felt and, when they reach any considerable size, are 
easily seen. At first they are hard and separated one from another but 
later become matted together. As a result of secondary infection they 
may break down, rupture through the skin, and produce a discharging 
sinus. If not removed or otherwise treated, healing eventually takes 
place, leaving ugly, ragged scars. Constitutional symptoms vary in 
severity. They may be quite severe and in children present the symp- 
tom complex referred to by the older writers as the strumous diathesis. 
As Cobbett has pointed out, it is the exception for tuberculosis to be 
limited to this group of lymph nodes. In children there is, in addition, 
involvement of the mesenteric and tracheobronchial lymph nodes, and 
in adults the lungs are almost universally involved. 

During the first few years of the tuberculosis crusade great importance 
was attached to palpably enlarged lymph nodes in the neck. At this 
period it was no uncommon thing in the making of surveys of children 


1 Read at the twenty-fifth annual meeting of the National Tuberculosis Association, 


Atlantic City, New Jersey, May 30, 1929. 
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to place the incidence of tuberculosis very high, even to the extent of 
from 50 to 60 per cent. The importance attached to nodes that could 
be felt was very great. Indeed in many instances this constituted the 
only evidence of infection. The fact was ignored that the age of child- 
hood is known as the lymphoid age, and that all children, irrespective 
of their social condition, have lymph nodes which are readily felt. It 
apparently never occurred to many observers to palpate the axillary, the 
inguinal or the epitrochlear nodes. Had they done so, they would have 
found the same enlargement in these regions that existed in the neck. 
The enlargement of the lymph nodes is not readily detected until some 
time in the second year, but from then on until shortly before or after the 
age of puberty this is the case, although as the child approaches adoles- 
cence these superficial nodes tend to shrivel in size and become less 
readily detected. The submaxillary node at the angle of the jaw is 
usually the largest and usually the last to disappear. To confine one’s 
examination to the cervical group and, because the nodes are palpable, 
to assume that these nodes are tuberculous, is in no way justifiable. If 
there exists a single large node, or a tumor mass made up of a number of 
nodes, which are matted together and adherent to the surrounding 
tissues, the presumption is strong that we have to deal with a tubercu- 
lous adenitis, and especially so if there is softening or the overlying skin 
is inflamed. 

The presumption that the cervical group of lymph nodes is peculiarly 
liable to enlargement still persists. In several articles within the past 
few years this normal enlargement has been ascribed to infection of the 
scalp, the mouth, etc. This, at times, may cause the nodes to become 
acutely enlarged, but the same thing is true of infection of the extremi- 
ties distal to the axillary and inguinal groups, although in the two latter 
groups the liability to infection is much less. 

It is essential to bear in mind that the two types of tuberculous adenitis 
are distinctly different as to the method of infection, and that in the great 
majority of cases the infecting microdrganism is not the same. In these 
differences lies the present interest in the subject, as they furnish the 
answer to the great diminution of scrofula as seen in children. The two 
types will be considered separately. 


TUBERCULOUS ADENITIS IN CHILDHOOD 


Twenty-five or thirty years ago this was a common disease. An ex- 
amination of hospital and dispensary records at this time shows a very 
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high incidence. For example, the report of the Episcopal Hospital in 
Philadelphia for the year 1900 showed that 136 cases of scrofula had been 
seen. For the year 1928 there were 27, and of this 27 only 8 occurred in 
children. Of these several were probably simple abscesses. In the 
Jefferson Medical College Hospital for 1900 fifty-four cases were seen, 
while in 1928 only 20 were recorded, and of these but 7 occurred in 
children. 

For the years 1904 to 1907 ninety-seven cases were seen in the Dis- 
pensary of the Henry Phipps Institute. Of this number 15 were under 
ten years of age and 37 were between the ages of ten and twenty years. 
During the past two or three years I have knowledge of but one case of 
scrofula in a elfild. This is remarkable, as a large number of children 
are in attendance at the Institute and a majority of them are contact 


cases. 

Hetherington, in a survey of about 4,000 children in seven of the 
schools of Philadelphia, did not find a case of scrofula. 

I believe there can be no reasonable doubt that the incidence of cer- 
vical adenitis in children has shown an extraordinary decrease. Admitting 
that such is the case, one naturally seeks for the answer. This seems to 
be furnished by the practice of the pasteurization of milk. In an analysis 


of the cases seen at the Phipps Institute (1904-1907), Blackwood (Report 
of Henry Phipps Institute, vol. 10) suggested that milk was the probable 
source of the infection in 40 per cent of 15 cases, as no history of contact 
with the disease could be established. This observation was made at 
the time Leonard Pearson was conducting experiments on tuberculosis 
in cattle at the Pennsylvania Live Stock Sanitary Farm. Here there 
was a herd of tuberculous cows which were regularly bred. The calves, 
immediately after birth, were isolated. They were fed on milk from 
these cows after pasteurization, and in but two or three did the calves 
develop the disease. There is thus good experimental proof that bovine 
infection can be prevented by pasteurization. That the bovine micro- 
organism is the cause of the nonpulmonary forms of tuberculosis in the 
majority of children under five years of age is now admitted. With 
advancing years the bovine bacillus becomes less and less a factor, so 
that by the time adolescence is reached it nearly ceases to play a part 
and is replaced by the human type. 

Cobbett has expressed the opinion that bovine infection of the cervical 
lymph nodes is largely through the food, that is, milk. He bases this 
belief on the fact of the relative frequency with which bovine tubercle 
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bacilli are found in the cervical nodes when diseased, a frequency which 
corresponds to that found in the mesenteric lymph nodes. This is in 
contrast to what occurs in tuberculosis of the lungs and the tracheobron- 
chial lymph nodes, which, in accordance with present belief, are air- 
borne infections. Bovine tubercle bacilli may be retained in the mouth 
as the result of drinking infected milk or of eating food mixed with in- 
fected milk, which clings about the teeth or lodges in depressions in the 
surface of the tonsils. 

In a résumé of the aetiology of cervical adenitis made by Cobbett 
(The Causes of Tuberculosis) in 1917, he found that in children under five 
years of age the bovine type was responsible for 33 per cent in Germany, 
73 per cent in America (Lewis, Park and Krumweide), 87.5 per cent in 
England (Griffith), and 90 per cent in Scotland (Mitchell). Between 
the ages of 5 and 16 years the percentage of bovine infection was about 
one-half that of the period up to 5 years in England and America, while 
in Scotland it was nearly the same (84 as against 90). 

Mitchell (British Medical Journal, 1914, i, 185’) attributed the high 
incidence of bovine infection in his cases to the following facts: (1) that 
his material came largely from very young children, (2) the great preva- 
lence of tuberculosis among the cows of Edinburgh and the neighborhood, 
and (3) the ‘‘almost universal practice” which prevails there of feeding 
children with unsterilized milk. Cobbett, in commenting on Mitchell’s 
figures, refers especially to the high incidence of bovine infection at the 
higher age-periods. 

In this connection the results obtained by Fraser in 1912 are of interest. 
He studied 70 cases of bone and joint tuberculosisin Edinburgh. Ofthese 
cases forty-one yielded bovine bacilli alone, twenty-six human bacilli 
alone, and in three both bovine and human bacilli were found. Fraser 
advanced the same reasons that Mitchell offered for the high percentages 
obtained. 

The high incidence of bovine infection found by Mitchell and Fraser 
in and about Edinburgh were in Cobbett’s opinion difficult to explain 
except on the basis that a “‘pocket”’ of bovine infection had been tapped. 
As a matter of fact, this is not only a plausible but a quite probable 
explanation. In the case of pulmonary tuberculosis we know that such 
“pockets”’ do exist. Thus, while the morbidity and mortality rates for 
a given area may, for example, be 100 per 100,000, there will be spots in 
which the rate may be as low as 20, while in others it may be as high as 
200 or 300. 
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My associate, Dr. Opie, tells me that he was impressed during the War 
by the frequency and extent of the involvement of the mesenteric nodes 
in the British soldiers. He regarded these cases as probable examples 
of bovine infection. Griffith (Veterinary Journal, 1925, 81-167), in 
1925, in writing on the danger of tuberculous milk, stated that in Eng- 
land 85 per cent of cases of cervical adenitis in children under five years 
of age were of bovine origin. These results strongly substantiate those 
obtained by Mitchell and Fraser, previously quoted, thus furnishing the 
confirmation demanded by Cobbett. 

Winslow and Gray (American Review of Tuberculosis, October, 1924), 
in a paper on the effect of milk pasteurization on the incidence of non- 
pulmonary forms of tuberculosis, are of the opinion that bovine infection 
would seem to-day to be of negligible importance among infants in large 
cities, where the infant-welfare campaign has been vigorously carried on. 
This is especially true when a vigorous emphasis has been placed on 
breast-feeding or the pasteurization of milk used for infants. At the 
age-period, 1 to 4, cities having less than half their milk supply pasteur- 
ized in 1920 showed an increase of 13 per cent in mortality from nonpul- 
monary tuberculosis. Cities which attained pasteurization of nine- 
tenths of their milk supply, either between 1915 and 1920, or shortly 
after 1920, showed a slight reduction. But cities which had reached this 
degree of pasteurization before 1915 showed a 34 per cent reduction in 
nonpulmonary tuberculosis between 1 and 4 years. In cities which had 
not effectively pasteurized their milk supply, statistics indicated that 
there was an increase of 25 deaths per 100,000, as compared with those 
having a thoroughly pasteurized milk supply (75 per 100,000 as compared 
to 100 per 100,000). 

Figures issued by the New York Department of Health (August 21, 
1926) show very clearly the effect of pasteurization. From 1910 to 
1914, 50 per cent of the milk supply was pasteurized. During this period 
deaths from the nonpulmonary forms of tuberculosis ranged from 0.27 
to 0.30 per 1000. In 1914 pasteurization became obligatory. For the 
first few years the drop was slight; later it became accelerated, and by 
1925 the rate was 0.12 per 1000. 

In contrast with these figures relating to the incidence of cervical 
adenitis of bovine origin, it may be of interest to quote some observations 
made in Japan. In this country cow’s milk is a very small item in the 
dietary of the people. Of 661 cases of tuberculous adenitis seen in the 
dispensary of one of the Japanese Hospitals, Ikidam (Japanese Medical 
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World, 1924, 21-70) found that the highest incidence was between 15 and 
30 years. 

From facts now available it seems to be quite apparent that in young 
children (1 to 5 years of age) unsterilized milk is responsible for a very 
high percentage of the cases of cervical adenitis, and that in pasteuriza- 
tion we have a method which reduces this infection to a negligible num- 
ber, and should indeed entirely abolish its occurrence. In this connec- 
tion, it may not be amiss to point out that certified milk from tuberculin- 
tested herds is not as safe as the public believes it to be. In spite of 
precautions a tuberculous animal sometimes gains admittance to such 
a herd, and it may be some time before the danger is recognized. Two 
such instances have recently come to my notice. 


CERVICAL ADENITIS IN ADULTS 


This form of tuberculosis is certainly less frequently encountered than 
formerly, but it does not show as marked a diminution as the childhood 
form. This must be ascribed to differences in the aetiology. In the 
adult form the bovine bacillus plays a very negligible part, infection with 
the human bacillus being almost the rule. While it is possible that 
human bacilli may be carried to the cervical lymph nodes by way of the 
blood-stream, the most probable method of infection is through the 
tonsils. It is known that tuberculosis of the tonsils is not infrequent, 
although it rarely attracts attention. Pybus (quoted by Cobbett) has 
reported that, out of a total of 762 hypertrophied tonsils removed during 
life and tested by animal inoculation, 6.7 per cent were tuberculous. 
George B. Wood (Report of Henry Phipps Institute, vol. iv), in a study of 
the tonsils removed from 34 cases dying from tuberculosis, found that in 
29 there was definite evidence of tuberculosis, in 2 there were giant cells, 
but no tubercles, while 3 were negative. 

It is quite evident that in patients with open tuberculosis the bacillus- 
laden sputum passing over the tonsils may readily infect them. For 
the most part the infection remains localized in the tonsils, or occurs 
sufficiently late in the course of the pulmonary disease to permit of its 
developing to the point where it may be carried to the adjacent lymph 
nodes. 

While I am unable to present definite statistics on the subject, I can 
recall no case of cervical adenitis in an adult that was not associated with 
pulmonary tuberculosis. The figures furnished by several of the large 
hospitals in Philadelphia indicate a distinct lowering of the incidence of 
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adult cervical adenitis. This is quite compatible with the lowering of 
the death-rate from tuberculosis and the gradual diminution of cases 
liable to this complication. 

In this connection it may not be amiss to refer to the hazard that 
attends surgical removal of the tonsils in patients having obvious pulmo- 
nary disease. It is well known that radical surgical removal is often fol- 
lowed by a violent exacerbation of the tuberculosis. It is not unreason- 
able to assume that in such cases the tonsils have harbored tubercles and 
that the trauma incident to their surgical removal has brought about a 
dissemination of the bacilli. 
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TUBERCULOUS PERICARDITIS 
With a Report of 3 Cases! 
WALTER I. WERNER 


Tuberculosis plays the most important aetiological réle in chronic in- 
flammation of the pericardium. In rare instances tuberculosis of the 
pericardium may be the only demonstrable tuberculous lesion and it is 
then called by some authors primary. Clark (2) states that a careful 
review of the literature reveals only eleven such cases in which the diag- 
nosis cannot be questioned. In addition to these he has reported two 
cases. Miliary tuberculosis of the pericardium is haematogenous in 
origin. More frequently it is secondary to an affection of the neighbor- 
ing structures, as lungs, pleura, and mediastinal lymph nodes. Osler 
(1) found that in 1,000 autopsies there were 275 with tuberculous lesions, 
in 7 of which the pericardium was involved. Norris reports that of 7,219 
autopsies performed in Philadelphia hospitals 1,780 showed tuberculous 
lesions, in 82 of which there was involvement of the pericardium. These 
two series of figures agree in a general way: 25 per cent of all patients 
had tuberculous lesions, and 0.7 to 1 per cent of the latter had tubercu- 
losis of the pericardium. When large numbers of tuberculous patients 
are treated it will be found, if proper observations are made, that the 
incidence of tuberculous pericarditis increases. Locke found that of 220 
tuberculous patients autopsied at the Boston Consumptive Hospital 
7.3 per cent had pathological processes of the pericardium. Of 67 tuber- 
culous patients autopsied at the Wm. H. Maybury Sanatorium, 4, or 
5.9 per cent, had tuberculous pericarditis. Three of these cases I wish 
to report, two of which were recognized clinically. 


Case 1: H. C., a white male, age 54, was admitted to the Sanatorium on 
November 24, 1926, with a temperature of 100°F., pulse 100, and respirations 
24, and complaining of shortness of breath, extreme weakness, loss of weight 
(45 pounds in four months), cough and profuse expectoration. Family history 
was negative. The patient had had one Neisserian infection. At the age of 
thirty he had a primary chancre, for which he received a course of mercury. 


1 From the Wm. H. Maybury Sanatorium (Detroit Municipal Tuberculosis Sanatorium), 
Northville, Michigan. 
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He had dry pleurisy in 1908. The present illness began in July, 1926, follow- 
ing an operation, under general anaesthesia, for ruptured appendix. Within a 
day or two after operation the patient began to cough and expectorate profuse 
purulent material. He continued to cough and to lose weight, but did not 
know of any fever up to the date of his admission. Physical examination 
showed a middle-aged man, emaciated and cachectic. His skin had a slightly 
yellowish tinge. He was codperative but very weak. Right Lung: There was 
slight dulness above the scapular spine and second rib. Below the second rib 
the note was hyperresonant. Some medium crackling rales were present 
above the second dorsal spine and clavicle. Left Lung: There was flatness 
above the inferior angle of the scapula and fourth rib. Tactile fremitus was 
increased at the base posteriorly. Above the fourth dorsal spine and third rib 
the breath-sounds were bronchocavernous, with pectoriloquy and bronchoph- 
ony over this area. The same findings were present in the upper third of 
the axilla. A few medium and coarse crackling rales were heard over the area 
of flatness. Heart: The heart was slightly displaced to the left, but the sounds 
were distinct and neither murmur nor friction rub was audible. There 
was definite tenderness in the epigastrium and below the right costal margin. 
The liver could be percussed four finger-breadths below the costal margin. The 
blood count was 4,130,000 erythrocytes and 9,700 leucocytes percmm. The 
urine had a specific gravity of 1021, and neither sugar nor albumin was present. 
There was an occasional white blood cell. The Wassermann reaction was four 
plus. Repeated examinations of the sputum failed to reveal tubercle bacilli 
in stained smears. On admission the roentgen-ray picture of the chest showed 
extensive infiltration throughout the upper two-thirds of the left lung. There 
was a productive infiltration in the apical region and the first right interspace. 
Both leaves of the diaphragm were tented, with some displacement of the 
mediastinum to the left. The dyspnoea, which was pronounced during the 
patient’s illness, grew progressively worse. At times he complained of marked 
pain in his left shoulder posteriorly. He had low-grade fever at times, became 
weak, lost weight very rapidly, and died December 19, 1926 (twenty-five days 
after entering the sanatorium and about five months after the onset of symp- 
toms). Clinical Impression: (1) pulmonary tuberculosis and (2) lung abscess. 
Pathologicoanatomical Diagnosis: Fibrotic tuberculosis of the left upper lobe 
and right apex. Hyalinized fibrotic pleuritis of the entire left and the apical 
part of the right pleura. Multiple nontuberculous abscess-formations in the 
left lung. Fibrinofibrous pericarditis. 

The parietal sheath of the pericardium was, on the average, 1 cm. thick. 
The pericardial sac contained about one quart of turbid yellowish-green fluid 
containing shreds of fibrin and necrotic material. The inner surface of the 
pericardium was covered with dense fibrinofibrous deposits. The pericardial 
space was obliterated posteriorly to the heart. The left half of the pericardium 
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was firmly adherent to the left lung. In incising the pericardium, multiple 
abscess cavities were seen, which contained partly liquefied caseous material. 
Microscopic Examination: The stroma of the pericardium was much thickened 
and infiltrated, with round cells, leucocytes and fibrin. This infiltration ex- 
tended along the septa in the epicardial fat tissue and along the vessels in the 
epicardium. Between the myocardium and the epicardial fat tissue there was 
a thick layer of fibrin, granular debris, and irregular accumulations of round 
cells. A similar but thinner layer was found between the epicardial fat tissue 
and the free surface. The elastic fibres of the pericardium were almost com- 
pletely destroyed. Very few acid-fast bacilli were found in the cellular exu- 
date. The muscle fibres near the surface contained granules of lipofuscin; 
otherwise the myocardium was normal. 


Case 2: C.O’N., a male negro child, age 13 years, was admitted to the Sana- 
torium on April 4, 1928, on a Bradford frame, with a temperature of 102°F., 
pulse 150, respirations 35, and complaining of shortness of breath and pain in 
the hip joints. Parents died of tuberculosis. The history of illness was in- 
definite. The present illness began in 1923, with pain in the back and hips. 
At the Children’s Free Hospital a diagnosis of Pott’s disease was made. The 
patient had pain in his left chest for some time. Physical examination showed 
a poorly developed, markedly emaciated patient, with an anxious expression, 
and breathing rapidly and with marked working of the alae nasae. Both hips 
were limited in extension and the knees were flexed. The feet and ankles 
were oedematous. There was a large infected ulcer of the left knee joint. 
The edges had much granulation tissue and were undermined. Sinuses oozing 
large amounts of foul-smelling pus were present 10 cm. above the anterior 
surface of the right knee,—two below the knee, two below the left Poupart’s 
ligament at the internal surface of the thigh, and one at the left superior iliac 
spine. The heart was moderately enlarged in all of its diameters. The heart- 
sounds were muffled, and a to-and-fro murmur was heard over the pulmonic 
area. The chest showed evidence of rickets and there was marked flaring of 
the lower costal angles. The percussion note was impaired from the third rib 
and fourth dorsal spine to the base on both sides. Occasional rhonchi and fine 
rales were heard over the base on quiet breathing. The abdomen was large 
and bulging, with shifting dulness over the flanks. The liver was enlarged and 
hard, being palpable two fingerbreadths below the costal margin. The spleen 
was also palpable. There were 2,850,000 erythrocytes and 9,800 leucocytes 
percmm. The urine showed a trace of albumin and an occasional leucocyte. 
No tubercle bacilli were found in the pus from the sinuses. Guinea pigs that 
were injected with this purulent material showed a generalized tuberculosis at 
autopsy. The Wassermann reaction was negative. The roentgenographs 
revealed a much enlarged heart shadow, and cloudiness over the base of the 
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lungs. The right hip joint showed a coxa valga. Both knees were subluxated. 
The long bones appeared thin and shell-like. There was no evidence of bone 
destruction. Fever and dyspnoea were present during the patient’s entire stay 
in the hospital. He died May 17, 1928 (forty-three days after admission) of 
heart failure. The clinical impression was tuberculosis of the spine, left hip 
and knee, myocarditis and pericarditis with failing circulation, amyloid degen- 
eration, and congestion of the lungs. Pathologicoanatomical Diagnosis: Ulcera- 
tive tuberculosis of the second and third Jumbar vertebrae; tuberculous abscess 
in psoas sheaths, bilateral; ulcerative tuberculosis of the right knee joint; amy- 
loidosis of the liver, adrenals and spleen; primary tuberculous complex in lung 
and tracheobronchial lymph nodes; fibrinous pericarditis. 

The pericardium contained 150 cc. of light yellow, clear fluid. The entire 
surface of the pericardium, both the parietal and visceral sheaths, were covered 
with small cauliflower-like deposits, averaging not more than 1 mm. in thick- 
ness. These deposits were firmly adherent and the entire surface of the peri- 
cardial serosa was dull and slightly granular. The parietal sheath was not 
adherent to the visceral sheath. The heart was grossly normal. Microscopic 
Examination: Both the visceral and parietal sheaths of the pericardium were 
infiltrated with a serocellular exudate. The cells of this exudate were mainly 
small round cells. The inner surfaces were covered with shreds of fibrin con- 
taining very few round cells. Tubercle bacilli could not be demonstrated in 
histological sections. Cultures and guinea-pig inoculations were not done. 
The myocardium was normal. 


Case 3: B.D., a white male, aged 22 years, was admitted to the Sanatorium 
on July 14, 1928, with a temperature of 102°F., pulse 118, and respirations 25, 
complaining of marked dyspnoea and pain in his epigastrium. His mother 
died of pulmonary tuberculosis. The past history was unimportant. The 
patient was always in good health until the last week in February 1928,’when 
he developed a head cold. In a few days he started to have night-sweats, and 
thought he had fever. He became very short of breath, and noticed that he 
was more comfortable when sitting up. There was some oedema of the feet 
and ankles, On March 15, 1928, the patient called his family physician. His 
temperature ranged from 101° and 103°, with regular but very weak pulse. 
He now began to cough and expectorate. By direct staining methods no 
tubercle bacilli were found in the sputum. A diagnosis of streptococcus 
bronchopneumonia was made before admission. Entrance examination 
showed a young man of fair development but markedly emaciated, with 
marked orthopnoea, sitting up in bed. The chest gave a moderately impaired 
note from the fourth rib and sixth dorsal spine to the base. Breath-sounds 
were high-pitched throughout with slight increase of the whispered and spoken 


voice. Fine and medium coarse rales were heard from the third rib and sixth 
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dorsal spine to the base, where they became very moist. The dulness of the 
heart was increased in all of its diameters, and was continuous with the dulness 
over the bases anteriorly. The heart sounds were very distant, and no mur- 
mur or friction rub was heard. The pulse diminished in force during inspira- 
tion. There was no dropped beat, but at times some beats were barely felt. 
The abdomen was large and bulging, measuring 31 inches in circumference. 
Shifting dulness was noted in the flanks, with tympany above. The liver was 
palpable four finger-breadths below the costal margin. There were 4,090,000 
erythrocytes and 8,750 leucocytes percmm. The urine showed a three-plus 
albumin reaction and many leucocytes, with an occasional red blood cell. 
Daily sputum examinations were made, but only on two occasions were tubercle 
bacilli demonstrated. Culture of the pericardial fluid was positive for tubercle 
bacilli. Guinea pigs inoculated with the pericardial fluid showed at autopsy a 
generalized tuberculosis. The Wassermann reaction wasnegative. Theroent- 
gen rays showed a much enlarged cardiac shadow. There was moderate 
infiltration of the upper third of both lungs, with increased density suggesting 
thickened pleura. Fever was present during the patient’s entire stay in the 
hospital, ranging between 99° and 102°. The dyspnoea increased. Five days 
after admission 500 cc. of clear amber fluid were removed from the pericardium, 
but this gave little or no relief. Nine days after the first tapping thoracentesis 
was again attempted but was unsuccessful. Oedema of the extremities in- 
creased. During the last two days the temperature wasnormal. The patient 
died July 30, 1928, of heart failure. Clinical Impression: (1) pulmonary tuber- 
culosis and (2) chronic pericardial effusion with myocardial changes. Patho- 
logicoanatomical Diagnosis: Acute miliary tuberculosis, involving lungs, kid- 
neys, spleen, liver, pancreas, lymph nodes; fibroulcerative tuberculosis of both 
pulmonary apices; caseous tuberculosis of right epididymis and prostate 
gland; bilateral adhesive pleuritis; fibrinofibrous pericarditis. 

The pericardial sac measured 20 cm. in its vertical and 15 cm. in its transverse 
diameter. The parietal sheath was 0.5 to 1 cm. thick. The pericardial sac 
contained about 300 cc. of amber-colored clear fluid. The epicardium had 
the characteristic appearance of cor villosum. The posterior half of the peri- 
cardial sac was obliterated. The parietal sheath contained numerous caseous 
centres. With the exception of dilatation of the right auricle, the heart was 
grossly normal. Microscopic Examination: The parietal and visceral sheaths 
of the pericardium were much thickened, both by fibrinocellular and caseous 
infiltrations of the stroma and by massive deposits of partly hyalinized fibrin, 
granular debris, and centres of caseation. Below the fibrinous deposits there 
were small accumulations of lymphocytes and epithelioid cells, which contained 
very few acid-fast bacilli. The cellular infiltrations extended slightly into the 
interfibrillar spaces in the myocardium. Nowhere were there any typical 
epithelioid tubercles or giant cells. No elastic fibres were demonstrable in 
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either sheath with the exception of the elastic elements in the blood-vessels. 
The fluid which was removed from the pericardium during life contained 
tubercle bacilli, which were demonstrated in pure culture and by guinea-pig 


inoculation. 
DISCUSSION 


The symptoms of tuberculous pericarditis are very obscure and the 
diagnosis depends upon a general survey of the case with reference to the 
probability of tuberculous infection. In the acute miliary form the 
diagnosis is generally impossible, the pericardial reaction being too slight 
to attract attention. In the subacute form it may also be overlooked. 
It is often revealed by special symptoms, consisting of the coexistence of 
pulmonary, bone or visceral tuberculosis with circulatory symptoms, 
such as dyspnoea, which is not sufficiently explained by the lesion of the 
lung, pain in the region of the heart, and congestion of the liver and 
sometimes slight peripheral oedema. The pain may often be heavy, 
sharp, stabbing or cramp-like in character. It may be localized over 
the manubrium, left supraclavicular fossae and left side of the neck and 
shoulder. The origin of this pain may be traced to the phrenic nerve, 
which gives some sensory fibres to the pericardium. The pericarditis 
manifested itself in all three of these cases by fever, a few chills, phrenic- 
nerve pain and dyspnoea. The diagnosis of pericarditis was not made 
in case 1 because the mediastinum was slightly displaced to the left, the 
heart was in normal position, and pericardial friction sounds were not 
heard. Roentgen-ray examination is a great aid in arriving at a diag- 
nosis. In pericarditis with effusion there is an abnormally shaped heart, 
which changes with position. The normal heart outline is obliterated, 
with change in shape of the angle formed by the posterior border of the 
heart, the diaphragm and the spine. A haemorrhagic or purulent peri- 
cardial effusion should always make one suspect tuberculosis. The 
pericardial fluid was removed during life in case 3 and contained tubercle 
bacilli. The quantity of effusion varied from 150 to 1,000 cc. and was a 
light amber to a yellowish-green in color. In case 3 the pericardium was 
greatly thickened, measuring 0.5 to 1 cm. There were no valvular 
lesions and no involvement of the endocardium. In the case of tuber- 
culous adherent pericardium the feeble virulence of the bacteria permits 
the lesions to form fibrous adhesions. The period of subacute peri- 
carditis usually passes unnoticed, and the anatomical and clinical history 
of adhesive pericarditis is indistinguishable from that of adherent 
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The disease continues for several weeks or months with circulatory 
symptoms, fever, emaciation, anorexia, and signs of concomitant tuber- 
culosis of the lungs, pleura or peritoneum. In cases in which the peri- 
cardial fluid is of moderate amount and does not cause the patient dis- 
comfort, thoracentesis is not indicated. Resorption usually takes place. 
Diuretics or merbaphen may be given to promote resorption but the 
heart must be supported with digitalis and caffein. The pericardium 
should be tapped when there are signs of mechanical embarrassment or 
a sudden fall in blood-pressure. The removal of fluid from the peri- 
cardial sac is difficult and often unsuccessful because of the thickened, 
caseous condition of the parietal and visceral sheaths of the pericardium 
and floating fibrin. 

In case 1 death occurred from extension of the pulmonary tuberculosis 
and in cases 2 and 3 from heart failure. 


SUMMARY 


‘Three cases of tuberculous pericarditis are reported in which the clini- 
cal course, diagnosis and pathologicoanatomical features are discussed. 
In all of these cases the diagnosis was confirmed by bacteriological and 
histological studies. 

I wish to express my thanks to Dr. Max Pinner, who furnished the postmortem and mi- 
croscopic data. 
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EXPERIMENTAL TUBERCULOUS MENINGITIS IN 
RABBITS 


II. THE PROTECTIVE ACTION OF HEAT-KILLED AND LIVING 
TUBERCLE BACILLI! 


WILLARD B. SOPER anp MORRIS DWORSKI 


This work was begun in 1925, when relatively massive superinfecting 
doses were employed to test the degree of protection conferred by living 
tubercle bacilli, and the view was still generally held that the degree of 
protection conferred by killed bacilli is so slight as to be of no practical 
value from an immunizing standpoint. Hypersensitiveness might be 
produced with killed bacilli, but was of short duration. The presence of 
tubercle containing living bacilli was thought to be indispensable to the 
production of any but a transient and slight protection. Petroff and 
Stewart (1) alone, in this country, and Langer (2), in Germany, were 
disputing the generally accepted view. 

Since 1925 new investigations have been published. Though still in 
small numbers they further indicate the value of the heat-killed bacillus 
as a protective agent. Obviously, such a harmless antigen becomes of 
supreme interest if its effect is sufficiently protective. 

In a previous study of tuberculous meningitis in rabbits (3) we were 
struck by the importance of the size of the superinfecting virulent dose, 
both in the normal controls and in those protected by living bacilli. In 
fact, we were satisfied that a dosage could be found which would kill the 
controls and be successfully tolerated by the vaccinated animals. We 
were convinced that the superinfecting doses generally employed were so 
large as to overwhelm ordinary resistance and to completely obscure 
even fairly certain degrees of protection. In all the rabbits of our earlier 
study the smallest doses of virulent bovine bacilli employed intrameninge- 
ally were 0.00002 and 0.000004 gm. by dry weight. Despite their rela- 
tively gross amount, three of the protected rabbits, though not ulti- 
mately surviving, lived respectively 328, 173 and 238 days. 

Meanwhile, Jennings (4) devised his method of counting bacilli and 


1 From the Saranac Laboratory, Saranac Lake, New York. 
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made possible a small dose of a reasonably exact known quantity. It was 
then decided to carry our earlier work further. At the same time we 
proposed to test the protective action of heat-killed bacilli, being satisfied 
that the rabbit’s meninges afford an exceptionally delicate indicator. 

A superinfecting dose of 200 bacilli was selected as the amount best 
suited to the requirements when injected intrameningeally. Inasmuch 
as all of our previous vaccinations had been with a single dose of human 
bacilli subcutaneously, it was thought best to continue in this manner. 
Our earlier work having been done with the human strain to protect, and 
the virulent Saranac Laboratory B1 strain of bovine bacilli to superinfect, 
these strains were again used. The rabbits were to be carried until 
death, except when humane considerations required their killing. 

Intrameningeal injection and removal of cerebrospinal fluid were 
through the occipitoatlantoid ligament by the method originally described 
by Wegeforth, Ayer and Essick (5) in 1919 and employed later in our 
already published work. No special difficulty was experienced locating 
the cisterna as a rule. Location of the needle point in the cisterna is 
indicated by withdrawal of 0.1 to 0.2 cc. of cerebrospinal fluid. 

The suspension for intrameningeal injection was prepared from a 21- 
day-old culture of bovine bacilli (B1 Saranac Laboratory strain) by the 
method of Jennings. The original count showed 24,000,000 bacilli per 
cc. This was diluted 1 in 10 three times and finally 1 in 24, so that the 
0.2 cc. injected contained 200 bacilli. All the animals were injected one 
after another as rapidly as possible. The suspension was separately 
triturated foreach. The animals were injected in sets of 3, one from each 
group, in order that any alteration in the emulsion might not act on one 
group more than another. 

Three groups of healthy rabbits, as nearly alike in size as possible and 
with about the same proportion of the two sexes, wereselected. Through- 
out the experiment they were all kept in out-of-door pens under identical 
conditions. The bucks were kept separate from the does. Many of the 
animals grew in size during the long period of the experiment. Fortu- 
nately, there were no epidemics of any sort among them. 

Group 1 comprised 6 rabbits, all of which received on October 9, 1925, 
subcutaneously, in the right groin a protective dose of 5 mgm., dried 
between blotting papers, of human bacilli H60 (Saranac Laboratory 
strain) in 1 cc. of saline solution. 

Group 2 comprised 6 rabbits, all of which on October 16, 1925, received 
subcutaneously in the right groin a protective dose of 5 mgm. of human 
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TABLE 1 


DAYS OF 


NUMBER SURVIVAL 


Controls 


Killed. Paralysis hind-quarters. Meningitis. Lungs tuberculous. 

Killed. Paralysis hind-quarters. Meningitis. Lungs, slight tuber- 
culosis. 

Died. Partial paralysis hind quarters. Meningitis. Other organs 
nontuberculous. 

Died. No evidence of meningitis. Cause of death not determined. 

Died. Paralysis hind-quarters. Meningitis extensive. 


Vaccinated with living bacilli 


Killed to terminate experiment. Histologically, cerebral meninges 
showed evidence of healed tuberculosis. No tuberculosis elsewhere 
macroscopically. 

Killed to terminate experiment. Histologically, cerebral meninges 
showed evidence of healed tuberculosis. No tuberculosis elsewhere 
macroscopically. 

Died. Cause of death not determinable. Questionable evidence of 
slight cerebral meningitis histologically. No macroscopic tuber- 
culosis. 

Died. Massive tuberculosis of lungs and retrosternal lymph nodes. 
Tuberculosis of kidneys. Histologically, no evidence cerebral 
meningitis. 

Killed. Paralysis hind-quarters. Tubercles of spinal cord. Moder- 
ate tuberculosis of lungs. Histologically, questionable cerebral 
meningitis. 


Vaccinated with heat-killed bacilli 


Died. Emaciated. No paralysis, Extensive generalized tubercu- 
losis. No macroscopic cerebral meningitis. 

Died. No paralysis. Moderate tuberculosis lungs, kidneys and in- 
testines. No macroscopic cerebral meningitis. Histologically, 
slight involvement of meninges. 

Died. No paralysis. Lungs, scattered indurated tubercles. Histo- 
logically, definite cerebral meningitis. 

Died. No paralysis. Lungs, massive caseous tuberculosis. Kid- 
neys tuberculous. Histologically, moderate cerebral meningitis. 
Killed. Paralysis hind-quarters. Lungs slightly tuberculous. Tu- 

berculous caseation left olfactory lobe. 

Killed to terminate experiment. No paralysis. Lungs, chronic dis- 
ease with cavity. Kidneys scarred. Intestines tuberculous. 


bacilli H 60, killed by heating ninety minutes at 100°C. Asa control of the 
death of the bacilli two guinea pigs were injected subcutaneously in the 
right groin at the same time and with the same dose as the experimental 
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20 97 
22 74 
24 81 
26 154 
28 81 

19 848 
21 849 
23 81 
25 302 
29 175 
19A 605 
21A 621 
23A 375 
25A 360 

27A 175 
29A 856 
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rabbits. These two animals were found dead on March 2, 1926, five 
months after injection. Autopsy showed no suggestion of tuberculosis 
in either; their deaths were probably due to an unexplained epidemic 
disease. 

Group 3 comprised 6 rabbits which served as controls. They received 
no protective dose of any sort. 

On November 4, 1925, all of the animals were tested with tuberculin, 
0.1 cc. of 10 per cent O. T. intracutaneously. Of the 6 rabbits injected 
with living bacilli, results after 48 hours were 4 plus, 2 plus, negative, 1 
plus, and questionable. The sixth rabbit had died an accidental death. 
Those injected with dead bacilli showed: negative, 3 plus, 2 plus, 2 plus, 
negative, 1 plus. Thecontrol group were all negative. Asis well known, 
positive skin reactions are not constant in the rabbit and relatively large 
amounts of tuberculin must be employed. 

On November 6, 1925, all of the rabbits were injected intrameningeally 
through the occipitoatlantoid ligament with 0.2 cc. of a suspension con- 
taining 200 bovine bacilli (B1 Saranac Laboratory) counted by the 
method of Jennings (4). 

PROTOCOLS 


Control Rabbits 


Rabbit 20: Doe, 2409 gm. November 6, 1925, intrameningeal injec- 
tion of 200 bovine bacilli. November 10, cerebrospinal fluid: w.b.c. 32, 
r.b.c. 250. Weight normal until the end of January when weakness of 
hind-quarters set in. On February 8 weight was 2040 gm. and paralysis 
was complete behind. February 11, 1926, killed with chloroform. 
Cerebrospinal fluid examined before death: w.b.c. 775, r.b.c. 4200. 
Autopsy: One cheesy tubercle on upper surface of brain, about 1 mm. in 
diameter. About the optic chiasm were a dozen conglomerate cheesy 
tubercles. Lungs showed many small yellowish semitranslucent tuber- 
cles about 1 mm. in diameter. Liver, spleen and kidneys macroscopi- 
cally normal. Histological Examination of Brain: Diffuse lymphocytic 
infiltration of pia mater with lymphocytes; heavy focal perivascular 
lymphocytic collections; marked oedema; focal areas of monocytes 
suggesting noncaseous tubercles; oedema of cortex. 

Rabbit 22: Doe, 2409 gm. November 6, 1925, intrameningeal injec- 
tion of 200 bovine bacilli. November 10, cerebrospinal fluid: w.b.c.16, 
r.b.c. 900. On January 15 paralysis of hind-quarters was complete. 
Killed January 19, 1926, with chloroform. Cerebrospinal fluid before 
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death: w.b.c. 1400, r.b.c. 900. Autopsy: Brain showed a moderate 
amount of bloody exudate underlying the pons and medulla; no macro- 
scopic tubercles. Cord not removed. Lungs showed four discrete 
grayish tubercles, the largest the size of apin-head. Liver, spleen and 
kidneys macroscopically normal. Histological Examination of Brain: 
Very heavy diffuse infiltration of oedematous pia mater with monocytes 
andlymphocytes. Large proliferative noncaseous tubercles about blood- 
vessels. 

Rabbit 24: Doe, 2465 gm. November 6, 1925, intrameningeal injec- 
tion of 200 bovine bacilli. December 8, cerebrospinal fluid: w.b.c. 22, 
r.b.c. 2800. January 7, intracutaneous skin test negative. Weight 
maintained and general condition good until January. January 19, 
weight 2097 gm., and animal showed definite weakness in hind-quarters. 
January 26, 1926, found dead. Autopsy: Brain showed moderate haem- 
orrhagic exudate underlying pons and medulla. No macroscopic tuber- 
cles. Lungs, liver and kidneys normal. Smears of cerebral exudate 
showed several clumps of poorly staining acid-fast:bacilli. Histological 
Examination of Brain: Widespread oedema of meninges; marked peri- 
vascular lymphocytic infiltration; occasional localized ccllection of 
monocytes both perivascular in arrangement and apart from vessels; no 
evidence of caseation. 

Rabbit 26: Buck, 2210 gm. November 6, 1924, intrameningeal injec- 
tion of 200 bovine bacilli. November 9, cerebrospinal fluid: w.b.c. 11, 
r.b.c. 10,800. January 7, 1926, intracutaneous skin test two-plus. 
Animal well and gaining weight up to February 20, when 2774 gm. It 
then lost progressively to 1955 gm., but did not appear particularly ill. 
April 9, 154th day after meningeal infection, found dead. Autopsy: 
Brain and meninges showed no abnormality macroscopically, except 
some congestion. Lungs showed only one tubercle, about 1.5 mm. in 
diameter, old and semifibrous. No suggestion of pneumonia. Liver, 
the seat of marked cirrhosis, with white glistening fibrous areas through- 
out. No tubercle bacilli in smears. Spleen and kidneys normal. Sec- 
tions of brain through optic chiasm and through pons showed no tuber- 
culosis. No cause for death was determined. 

Rabbit 28: Buck, 2153 gm. November 6, 1925, intrameningeal in- 
jection of 200 bovine bacilli. November 9, cerebrospinal fluid: w.b.c. 
122, r.b.c. 22,000. January 7, 1926, intracutaneous skin test one-plus. 
January 5, beginning to lose weight. January 15, paralyzed in hind- 
quarters. January 26, found dead. Awtopsy: Brain showed consider- 
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able haemorrhagic exudate underlying pons and medulla, with question- 
able fine tubercles present. Histological Examination of Brain: Very 
extensive large caseous tubercles throughout pia arachnoid; lesions 
generally perivascular; some oedema. 


Rabbits Protected with Living Bacilli 


Rabbit 19: Buck, 2012 gm. October 9, 1925, protective dose 5 mgm. 
living human bacilli H60 subcutaneously in right groin. November 6, 
1925, intrameningeal injection of 200 bovine bacilli. November 9, cere- 
brospinal fluid; w.b.c. 16, r.b.c. 14,200. From now on weight increased 
a little and then remained practically constant at about 2100 grams. 
On July 29, 1926, cerebrospinal fluid showed w.b.c. 30, r.b.c. 1500. 
Weight held practically constant during 1926 and 1927, and was 2320 
grams when animal was killed on March 14, 1928. The animal was 
active and apparently in perfect health. Autopsy: Well nourished. 
Brain normal and with no evidence of tuberculosis. No lymph-node 
enlargement. Spleen, liver and kidneys showed no macroscopic tuber- 
culosis. Lungs apparently normal. Brain showed histologically marked 
oedema of meninges, slight perivascular accumulation of lymphocytes 
about certain blood-vessels and occasional accumulation of these cells 
in depths of cerebral cortex; no tubercle-formation. 

Rabbit 21: Buck, 2125 gm. Protective dose of living bacilli identical 
with no. 19. November 6, 1925, intrameningeal injection of 200 bovine 
bacilli. November 9, cerebrospinal fluid: bloody. tap; December 8, 
w.b.c. 33, r.b.c. 5400. Weight increased and reached maximum in 
July of 2493 gm. Cerebrospinal fluid, July 20, 1926: w.b.c. 50, r.b.c. 
1180. Weight remained practically constant through 1926 and 1927 and 
was 2460 grams before autopsy on March 15, 1928. This rabbit too 
was active and apparently normal. Killed March 15, 1928. Autopsy: 
Well nourished; no evidence of tuberculosis in brain, lungs, liver, spleen, 
kidneys or lymph nodes. Brain showed histologically slight oedema and 
injection of meninges; very slight perivascular lymphocytic accumula- 
tions in cortex; no tubercles. 

Rabbit 23: Buck, 2068 gm. Protective dose of living bacilli identical 
with no. 19. November 6, 1925, intrameningeal injection of 200 bovine 
bacilli. November 9, cerebrospinal fluid: w.b.c. 83, r.b.c. 12,600. This 
animal was apparently well until January 22, 1926, when without warn- 
ing or explanation it was found dead in its pen. There had been no 
suggestion of meningeal symptoms. Autopsy: Animal sleek and gener- 
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ally fat; lungs, liver, spleen and kidneys and peritoneum macroscopi- 
cally normal; brain macroscopically normal. Microscopic sections of 
brain showed slight oedema, some vascular injection, and very small 
collections of perivascular lymphocytes in cortex. Sections were cut 
through optic chiasm and region of pons. The cord was not removed, 
but it is very doubtful whether any tuberculosis of the cord would have 
killed the animal without producing at least some paralysis. The cause 
of this rabbit’s death is therefore problematical. The cell count of the 
fluid and the histological findings indicated tuberculous infection of the 
meninges but did not account for the early death. 

Rabbit 25: Doe, 1727 gm. Protective dose of living bacilli identical 
with rabbit 19. November 6, 1925, meningeal infection identical with 
no. 19. Cerebrospinal fluid, November 10, w.b.c. 16, r.b.c. 700. This 
animal grew to a maximum weight of 2491 grams on June 24, 1926. 
Cerebrospinal fluid on July 20, 1926, showed w.b.c. 35, r.b.c. 260. By 
August 7 weight had fallen to 2123 gm. On September 4, 1926, the 
302nd day after meningeal infection, animal found dead. No paralysis 
had been evident, and no abnormality except the falling weight. 
Autopsy: Brain and cord removed; no macroscopic tubercles; massive 
disease in lungs, and retrosternal lymph nodes enlarged and caseous; 
kidneys showed a few surface tubercles and haemorrhagic areas; 
liver friable. Histologically the brain showed slight oedema and vas- 
cular injection; no tubercles. 

Rabbit 29: Doe, 1784 gm. October 9, 1925, protective dose of living 
bacilli identical with no. 19; November 6, 1925, intrameningeal injection 
of 200 bovine bacilli. November 10, cerebrospinal fluid: w.b.c. 18, 
r.b.c. 1400. Weight increased to maximum of 1983 gm. on March 3, 
1926. Then progressive fall to 1614 grams on April 8. On latter day 
some weakness of the hind-quarters was apparent. The weight con- 
tinued to decrease to 1388 gm. on April 30, by which date animal was 
completely paralyzed behind. For humane reasons it was killed with 
chloroform on the 175th day after meningeal infection. A cell count of 
the cerebrospinal fluid before death showed w.b.c. 66. Autopsy: Macro- 
scopically brain without evidence of disease, but lumbar spinal cord 
showed much congestion and yellowish areas about 0.5 mm. in diameter 
here and there. These proved to be small caseous areas and smears 
showed several acid-fast bacilli. In lungs perhaps a dozen tubercles, 
about 2 mm. in diameter and fibrocaseous in character; liver, spleen and 


kidneys macroscopically normal. 
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Rabbits Protected with Heat-Killed Bacilli 


Rabbit 19 A: Buck, 2097 gm. October 16, 1925, protective dose of 
5 mgm. heat-killed human bacilli subcutaneously in right groin. Novem- 
ber 6, 1925, intrameningeal injection of 200 bovine bacilli. November 
9th, cerebrospinal fluid: w.b.c. 50, r.b.c. 17,200. Fluid abundant and 
apparently under pressure. Weight increased to maximum of 2718 
gm. in January 1927. Cerebrospinal fluid July 29, 1926: w.b.c. 80, 
r.b.c. 300. Animal began to lose weight in March, 1927, and on May 
27, 1927, weighed 1980 gm. It became extremely emaciated in June, 
1927, but there was no paralysis. Found dead on July 21, 1927, the 
605th day after meningeal infection. Autopsy: No macroscopic evidence 
of tuberculosis of brain. Lungs: right, many tubercles; left, a caseous 
mass. Caseous tubercles on diaphragm. Caseous axillary lymph 
nodes, both right and left. Kidneys extensively diseased. Caseous 
tuberculosis in wall of caecum and in wall of appendix. Brain not 
examined histologically. 

Rabbit 21 A: Buck, 2125 gm. October 16, 1925, protective dose of 
killed human bacilli identical with no. 19A. November 6, 1925, intra- 
meningeal injection of 200 bovine bacilli. November 9, cerebrospinal 
fluid: bloody tap. December 2, cerebrospinal fluid: w.b.c. 55, r.b.c. 
7400. This animal maintained its weight at about 2267 gm. July 20, 
1926, cerebrospinal fluid: w.b.c. 200, r.b.c. 560. On July 5, 1927, 
weight still 2415 gm. On July 20, 1927, the 620th day after meningeal 
infection, rabbit found dead without any evidence of previous paralysis. 
Autopsy: Brain showed no macroscopic tuberculosis; lungs contained 
one large caseous mass in lower right lobe; scattered gray tubercles 
elsewhere; kidneys showed isolated tubercles; serosal tubercles in caecum 
and appendix. Histologically the brain showed marked oedema and 
perivascular injection with lymphocytes; no diffuse cellular inflammation; 
one small patch of fibrosis; no tubercle. 

Rabbit 23A: Buck, 2068 gm. October 16, 1925, protective dose of 
killed human bacilli identical with no.19A. November 6, intrameningeal 
injection of 200 bovine bacilli. November 9, cerebrospinal fluid: w.b.c. 
200, r.b.c. 32,000. Animal proceeded without event; weight increased 
to maximum of 2380 grams in July, 1926. July 20, 1926, cerebrospinal 
fluid: w.b.c. 60, r.b.c. 420. By October weight had fallen 225 grams. 
On November 16, 1926, 375th day after meningeal infection, animal 
found dead, without any previous paralysis. Autopsy: Brain showed 
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no macroscopic tubercles; lungs contained a few scattered indurated 
tubercles; stomach, large intestine and colon markedly distended (acute 
gastroenteritis). Smear from under surface of brain negative for acid- 
fast bacilli. Histologically: Pia mater showed diffuse inflammatory 
exudate consisting of masses of monocytes and polymorphonuclears 
with some fibrin; no discrete tubercle formation; considerable infiltration 
of adjacent cerebral cortex. 

Rabbit 25A: Buck, 1898 gm. October 16, 1925, protective dose of 
killed human bacilli identical with no. 19A. November 6, 1925, intra- 
meningeal injection of 200 bovine bacilli. December 8, cerebrospinal 
fluid: w.b.c. 44, r.b.c. 4200. Proceeded without event; weight main- 
tained at about 2097 gm., maximum 2210 gm. July 29, 1926, cerebro- 
spinal fluid: w.b.c. 110, r.b.c. 1300. Weight began to decline in Sep- 
tember, 1926, but not markedly. On November 1, 1926, the 359th day 
after meningeal infection, animal found dead. There had been no 
paralysis, but it had eaten poorly for several days and had been inactive. 
Autopsy: Brain showed one suspicious caseous area on dorsal surface of 
left cerebrum near midline; no macroscopic tubercles elsewhere. Por- 
tion of cord removed showed no macroscopic tubercles. Lungs revealed 
massive caseous tuberculosis, with adhesions to diaphragm. Kidneys 
showed surface tubercles. One caseous tubercle on serous coat of appen- 
dix. Histologically brain showed marked oedema and vascular injection. 
Discrete solid perivascular collections of monocytes without caseation. 
Diffuse infiltration with lymphocytes. 

Rabbit 27A: Doe, 2380 gm. October 16, 1925, protective dose of 
killed human bacilli identical with no. 19A. November 6, 1925, intra- 
meningeal injection of 200 bovine bacilli. Cerebrospinal fluid, November 
10: w.b.c. 32, r.b.c. 200. This animal increased in weight up to 2607 
gm. on March 11, 1926. By April 8 weight had fallen 453 grams and 
the animal was a little weak behind. On April 27 weight down to 1625 
gm. and animal was paralyzed in hind-quarters. April 30, killed, the 
175th day after meningeal infection, for humane reasons. Autopsy: 
The brain showed complete caseation of left olfactory lobe, and smears 
of the cheesy material showed acid-fast bacilli in small number; other- 
wise no macroscopic disease of brain or meninges. Cord not removed. 
Lungs showed about a dozen semitranslucent tubercles, in diameter 
about that of a pin; spleen, liver and kidneys macroscopically normal. 
Brain showed histologically diffuse oedema, without lymphocytic infiltra- 
tion or tubercles. 
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Rabbit 29A: Doe, 2720 gm. October 16, 1925, protective dose of 
killed human bacilli identical with no. 19A. November 6, 1925, intra- 
meningeal injection of 200 bovine bacilli. November 10, cerebrospinal 
fluid: w.b.c. 16, r.b.c. 300. Animal proceeded without event, increasing 
in weight to maximum of 3227 gm. in April, 1927. July 20, 1926, cere- 
brospinal fluid w.b.c. 170, r.b.c. 7200. By January, 1928, weight had 
fallen to 2317 gm. Animal killed with chloroform on March 12, 1928. 
There had been no paralysis. Autopsy: Left eye completely disintegrated 
and filled with pus, in which no acid-fast or other microérganisms were 
found; culture negative after 96 hours. Brain showed no definite macro- 
scopic tubercle although there were a few suspicious areas; mesenteric 
lymph nodes markedly enlarged; serous tubercles in rectum, caecum and 
appendix; kidneys showed a few old scars; liver contained three small 
caseous areas about 1 mm. in diameter; spleen appeared normal; lungs 
showed markedly chronic type of disease, chiefly in bases of both lungs 
and cavity-formation in upper right lobe; lungs generally emphysema- 
tous. Histological examination of brain showed slight diffuse lympho- 
cytic infiltration of oedematous tissue; one focal area of fibrosis with 
lymphocytic infiltration; and no tubercle-formation. Intestines showed 
ulcerative tuberculosis. 


SURVIVAL 


Of the control rabbits four died or had to be killed within a surprisingly 
small range of days. This proved also to be the case with the control 
rabbits of our previously reported work which was there commented 
upon. The death of the fiith rabbit, no. 26, is not explained. A steady 
fall in weight led us to believe that tuberculosis would be found in this 
animal as in the others. Such was not the case. The positive tubercu- 
lin test in January indicated infection. 

The rabbits vaccinated with living bacilli include the two very inter- 
esting animals nos. 19 and 21. These animals, at the end of 848 days, 
appeared to be perfectly healthy; both had grown during the two and 
one-half years without any period of special loss. They were killed 
because the experiment had to be terminated. No evidence of tubercu- 
losis was found in either animal macroscopically. Histologically the 
meninges showed evidence of healed tuberculous infection. 

The rabbits vaccinated with dead bacilli showed a surprising survival 
time. However, although no. 29A actually lived as long as the two 
longest survivors of those protected with living bacilli, the autopsy 
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showed an entirely different state of affairs. Whereas nos. 19 and 21 


would presumably never 


have died of tuberculosis, no. 29A was losing 


weight and would doubtless have died within a relatively short time. 


Cerebrospinal 


TABLE 2 
fluid cell counts: leucocytes and red cells 


NUMBER OF RABBIT 


Controls 


Feb 


Jan. 
Nov 


Nov. 
Nov. 


Nov. 10, 1925, W.B.C. 32, R.B.C. 250. 


11, 1926 (before death) W.B.C. 775, R.B.C. 4200. 


Nov. 10, 1925, W.B.C. 16, R.B.C. 900. 


19, 1926 (before death) W.B.C. 1400, R.B.C. 900. 
. 23, 1925, W.B.C. 22, R.B.C. 2800. 
9, 1925, W.B.C. 11, R.B.C. 10,800. 
9, 1925, W.B.C. 122, R.B.C. 22,000. 


Vaccinated with living bacilli 


July 
Dec. 


July 


Nov 


July 
Nov 
Apr. 


Nov. 


Nov. 


9, 1925, W.B.C. 16, R.B.C. 14,200, 
29, 1926, W.B.C. 30, R.B.C. 1506. 
8, 1925, W.B.C. 33, R.B.C. 5400. 
20, 1926, W.B.C. 50, R.B.C. 1180. 
9, 1925, W.B.C. 83, R.B.C. 12,600, 
. 10, 1925, W.B.C. 16, R.B.C. 700. 
20, 1926, W.B.C. 35, R.B.C. 260. 
. 10, 1925, W.B.C. 18, R.B.C. 1400. 
30, 1926 (before death) W.B.C. 66. 


Vaccinated with heat-killed bacilli 


July 
July 
July 


July 


July 


Nov. 


Dec. 


Nov. 


Dec. 


Nov. 
Nov. 


9, 1925, W.B.C. 50, R.B.C. 17,200. 
29, 1926, W.B.C. 80, R.B.C. 300. 
2, 1925, W.B.C. 55, R.B.C. 7400. 
20, 1926, W.B.C. 200, R.B.C. 560. 
9, 1925, W.B.C. 200, R.B.C. 3200. 
20, 1926, W.B.C. 60, R.B.C. 420. 
8, 1925, W.B.C. 44, R.B.C. 4200. 
29, 1926, W.B.C. 110, R.B.C. 1300. 
10, 1925, W.B.C. 32, R.B.C. 200. 
10, 1925, W.B.C. 16, R.B.C. 300. 
20, 1926, W.B.C. 170, R.B.C. 7200. 


A comparison of the average survivals of the two sets of vaccinated 


animals is not warranted 


on account of the unexplained no. 23 among 


those vaccinated with living bacilli. Nos. 19 and 21 give strong 
evidence of the greater protection by living bacilli. 
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WILLARD B. SOPER AND MORRIS DWORSKI 


LEUCOCYTE COUNTS 


From a previous study of white cell counts in the meningeal fluid of 
22 normal rabbits, we concluded that 50 cells should be regarded as the 
extreme normal limit; our subsequent experience has confirmed this 
view. 

The striking feature of these animals, infected intrameningeally with 
only 200 bovine bacilli, is the uniformity of the small white cell counts on 
the third and fourth days after intrameningeal infection; in contrast to 
our earlier experiments in which counts often ran into the thousands. 

There are but few later counts because this feature was not under 
investigation. There was always the fear lest an animal should die 
unnecessarily. Furthermore, the small intrameningeal dose does not 
bring out the apparently more severe reaction in the vaccinated animals, 
as indicated by the higher cell count in the cncemanen animals as 
compared with the controls. 


RED CELL COUNTS 


As in our previous work, the red cells were counted in conjunction 
with the white. The number is fairly consistently high, usually keeping 
pace with the white cells, but not always. These counts are probably 
manifestations of an exudative reaction, inasmuch as we have not seen 
such counts in the limited number of rabbits whose cerebrospinal-fluid 
red cells were counted before any infection of theanimal. Onesuch group 
of 6 uninfected rabbits showed red cells 0, 34, 40, 44, 64, 120, as against 
white blood cells 5, 24, 14, 34, 18, and 10. Later red cell counts would 
bear out this assumption in that seven of the eight vaccinated animals 
showed considerably lower counts. 


DISCUSSION 


This experiment was undertaken as a continuation of previous work to 
demonstrate that the protection acquired from an already existing in- 
fection is sufficient to successfully resist superinfection in the meninges 
with virulent bacilli in small amounts. Rabbits 19 and 21 appear to 
have established this point. The histological findings in the brain are 
interpreted as evidence of a healing or healed infection. Considering 
that the animals apparently were perfectly well when finally killed after 
approximately two and one-quarter years and showed no other evidence 
of tuberculosis, it is reasonable to suppose that they would never have 
suffered subsequently from their meningeal infection. 
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As was stated before, the interesting question arises as to how fre- 
quently minor tuberculous infections of the meninges occur in tubercu- 
lous human beings and are resisted without causing symptoms sufficiently 
severe to require examination of the spinal fluid. Such a possibility 
seems reasonable in the light of our knowledge of the intermittent bacil- 
laemia in tuberculosis. 

The significance of the quantity of the superinfecting dose is again 
brought out strikingly. It seems obvious that any investigation designed 
to test the efficacy of a protective vaccine must take this important factor 
into consideration. 

The protection conferred by the killed bacilli was surprising in its 
degree. The average period of survival of these 6 rabbits was 498 days, 
more than five times that of the controls. It seems safe to say that 
the protection conferred by the single dose of killed bacilli is very con- 
siderable, although not absolute, against the small dose of 200 bacilli. 
The greatest protection appears to be local in the meninges. Generali- 
zation of the disease is delayed. 

The white cell counts of the spinal fluid for this whole group are very 
interesting in comparison with those of rabbits of our earlier work, all 
infected intrameningeally with relatively much larger doses. With the 
latter, many of the counts were in the thousands, and only twice below 
200 cells among thirty counts during the first three days following men- 
ingeal infection. This applied to both vaccinated and unvaccinated 
rabbits. In the group here reported early counts are entirely different, 
only twice above 100 among sixteen counts during the first three days. 
The question arises whether the number of cells in the spinal fluid is any 
indication of the degree of infection. Furthermore, there is no special 
difference in the early cell count as between vaccinated and unvacci- 
nated animals, suggesting that the virulent dose was not sufficiently large 
to bring out the difference noted in the earlier work: namely, that the 
vaccinated animals reacted more violently during the first three days as 
manifested by the higher cell counts. This finding appears to accord 
with the view that the degree of the reaction is in proportion to the dose, 
other things being equal. 

As in our earlier work the fatal end was almost invariably presaged by 
a consistent loss of weight. 


SUMMARY 


1. The previous finding that the protective action of an already existing 
infection is manifested in the meninges of the rabbit is confirmed. 
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2. Two rabbits vaccinated with living human tubercle bacilli success- 
fully overcame a small intrameningeal dose of virulent bovine bacilli 
fatal to controls in the meninges. 

3. Rabbits vaccinated once with heat-killed tubercle bacilli subcutane- 
ously showed a pronounced degree of protection against virulent bovine 
bacilli intrameningeally. This protection was less than that conferred 
by living bacilli. 

4, The white cell count of the cerebrospinal fluid following meningeal 
superinfection with small doses of tubercle bacilli was strikingly low in 
comparison with counts after similar infection with larger doses. Differ- 
ences in the immediate white cell reaction to intrameningeal infection 
on the part of vaccinated as compared with unvaccinated animals were 
negligible when the small dose of 200 bovine bacilli was employed. 


We desire to express our sincere thanks to Dr. Leroy U. Gardner of the Saranac Labora- 
tory for his histological study of sections of the brain. 


REFERENCES 


(1) Perrorr, S. A., AND STEWART, F. W.: Jour. Immunol., 1926, xii, 97. 
(2) Lancer, H.: Klin. Wchnschr., 1924, no. 43, 1944. 

(3) Soper, W. B., AnD Dworsk1, M.: Amer. Rev. Tuberc., 1925, xi, 200. ° 
(4) Jennincs, F. B., Jz.: Jour. Inf. Dis., 1926, xxxix, 310. 

(5) WrEGcEFoRTH, AYER AND Essicx: Am. J. M. Sc., 1919, clvii, 789. 


RACIAL TUBERCULOSIS IN SYRIA! 
RAYMOND H. GOODALE anp HAROLD KRISCHNER 


Tuberculosis knows no racial or territorial limitation. But all races 
are not infected with tuberculosis to the same extent. The extent to 
which a given race is infected depends upon the frequency of exposure to 
tuberculous individuals. The large amount of missionary and commer- 
cial endeavor of the past thirty years in addition to the World War have 
spread tuberculosis to the most isolated villages. Tuberculosis is be- 
coming more and more a problem in tropical and subtropical countries. 
These facts have been observed by us especially in Syria. We have 
found no record of the prevalence of tuberculosis in Syria, and have there- 
fore decided to investigate the problem by means of theintracutaneous 
tuberculin test. 

Syria, a mandate of France, lies along the east end of the Mediter- 
ranean Sea between 32° 30’ and 35° 30’ north latitude. It covers roughly 
60,000 square miles, approximately the area of Michigan (1). It is 
bounded on the south by Palestine and Transjordania, on the east by 
Iraq, on the north by Turkey and on the west by the Mediterranean 
Sea. The population is 2,607,000. Most of the people dwell in the 
cities and villages, but there is a large roving group of Bedouins in the 
Syrian Desert. 

The average winter temperature is 12°C., and the summer temperature 
averages 25°C. The prevailing wind is from the Southwest, and most 
of the rain during the winter season comes from this direction. The 
humidity is rather high in the summer, occasionally approaching 90 
per cent. There are, however, occasional scorching east and southeast 
winds during which the humidity may drop to 20 per cent. The day- 
night contrast in temperature is very slight, sometimes in the summer 
amounting to less than 8°C. The result is a trying climate, especially 
for foreigners. 

Our series of 1,200 tuberculin tests included groups of people of all 
ages from Tripoli to Sidon along the coast and inland as far as Damascus 
and Nebk. We were unable to test any of the Bedouin Arabs of the 


1 From the Department of Pathology, American University of Beirut, Syria. 
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desert, but hope to do so in thenearfuture. The groups tested, however, 
give a fair index of the prevalence of tuberculosis in the western part of 
Syria. Following are the groups tested during the winter of 1928-29: 


Near East Relief Orphanage, Antilyas 

Danish Clinic, patients, Armenian Refugee Camp, Beirut 
Girard Institute for Boys and Girls, Sidon 
American University medical students, Beirut 
Friends School, Ras el Metn 

Citizens of Tripoli 

Citizens of Damascus 

Assyrian Orphanage, Beirut 

Nurses of American University Hospital, Beirut 
Junior College for Girls, Beirut 

American University Hospital, outpatients, Beirut 
Danish Mission Hospital, patients, Nebk 


The technique followed in doing this series of tests was the intracu- 
taneous method. The tuberculin used was human tuberculin from the 
Pasteur Institute and contained 10 mgm. of the dried material per cubic 
centimetre of solution. One-tenth of a cubic centimetre of a 1:100 
dilution was given, so that each adult received 0.01 mgm. of dried tuber- 
culin. One-twentieth of a cubic centimetre of the same dilution was 
given to children and to patients with tuberculosis. All dilutions were 
made fresh every week. The material was injected intracutaneously on 
the flexor surface of the left forearm after cleansing with alcohol. 

All tests were read 48 hours after they were done. The criteria used 
in reading the tests were as follows: : 


No erythema or induration of the skin—negative 

Erythema and induration 0.5-1 cm. in diameter—one plus 
Erythema and induration 1-2 cm. in diameter—two plus 
Erythema and induration 2-4 cm. in diameter—three plus 
Erythema and induration 4 cm. or larger with necrosis—four plus 


For control subjects we used 96 patients in two tuberculosis sanatoria. 
All but five of these patients were positive. These five patients had 
lost their allergy because they were dying of tuberculosis, and so did not 
react to tuberculin. The inmates of the Asfouryeh Insane Asylum 
served as another group of controls. Here we found 122 out of 145, 
or 84 per cent, positive to the tuberculin test. A high. percentage of 
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positives is to be expected in an institution where the inmates are living 
in daily close contact with each other, and all of them in poor physical 
condition. By the reactions among these groups of controls, we felt 
satisfied that the tuberculin had not been destroyed in transportation 
from Paris to Syria. 

The group giving the highest percentage of positives outside of the 
controls was the Nurses Training School, made up mostly of Armenians 
and Syrians. Of 55 nurses tested, 38, or 69 per cent, were positive. 


age 
0 | 41-5 6-10 | 4-15 | 16-20] 21-25 26-30 


CuHart 1. Posit1vE TUBERCULIN TEsTS OF 930 SyRIANS AND ARMENIANS 


Nurses and doctors have a higher percentage of tuberculin positives than 
other groups because of their exposure in their daily work. Yet this 
percentage is not as high as a corresponding group would be in Europe 
where tuberculous infection is more universal. 

One other group with a high percentage of positives should be men- 
tioned. It was from the Danish Mission Hospital in Nebk in the interior. 
Of 50 patients tested, 88 per cent were positive. Some of these patients 
had active tuberculosis, and it is not accurate to take a group of hospital 
patients as an index of prevalence of tuberculosis in the interior. 
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In contrast to these two groups was the Friends School in Ras el Metn, 
a mountain village. The students here were all Syrians living under 
healthy conditions. There were 94 boys from 7 to 21 years of age. Of 
these 94 students, only 18 per cent were positive. These boys were from 
various villages in Syria and have spent most of their lives in the school. 

Syrians and Armenians make up most of the permanent population of 
Syria. The Armenians have been in Syria since they were driven from 
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CHart 2. PosittvE TUBERCULIN TESTS OF 504 SyRIANS 


their homes by the Turks in 1922. Upon analyzing all of the groups, it 
was found that there were 930 of these two nationalities who could be 
used for statistics. Chart 1 shows the percentage of positive tuberculin 
tests of these Syrians and Armenians arranged by age-groups. ‘There is 
a progressive increase in the percentage of positives in the various age- 
groups, but always lower than corresponding age-groups in Europe. 
Chart 2 shows the positive tuberculin-test percentages among 504 
Syrians. Here there is also a progressive increase in positives in the 
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different ages, with the exception of the 11—-15-year group which is higher 
than the 16-20 group. This may be explained by the fact that these 
children were born and lived under famine conditions during the 
World War. 

Chart 3 shows the positive percentages on 426 Armenians. Here 
there is a marked difference between the 11-15-year group, which shows 
27 per cent positive, and the 16-20 group, which is 71 per cent positive. 
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CuHart 3. PositrvE TUBERCULIN TESTS ON 426 ARMENIANS 


The explanation of these figures is that practically all of the Armenians 
tested in the 11-15-year group and younger were healthy orphans living 
under good conditions in orphanages. At the age of 16 they leave the 
orphanages and live in an unsanitary environment in the Armenian camp 
or elsewhere in the city. This particular group is therefore suddenly 
exposed to tuberculosis and other infections by virtue of an entire change 
of living conditions. 
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It is of interest to compare the statistics of Syria with those found by 
Much (2) in Palestine as shown in chart 4. His subjects included mostly 
orphans of Arab stock. The percentage of positive tuberculin tests was 
lower in general than those found by the authors here. The work in 
Palestine was done by the Pirquet method, which is less sensitive than 
the intracutaneous method used in our series. Much carried out his 
work in 1913, and it is probable that to-day there would be a higher 
percentage of positive tests, especially if they were done on people at 
large as well as orphans. 
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Cuart 4, TUBERCULIN TESTS IN PALESTINE (Mucu) 


In contrast to the figures obtained in Syria and Palestine are the statis- 
tics compiled by Hamburger (3) in Vienna in 1909, using children upto 
14 years of age (chart 5). In this series he used the Stichreaktion. 
Calmette (4) found in 2,108 people above 15 years of age in the city of 
Lille, France, 88 per cent positive between 1909 and 1913. Other cities 
of Europe show corresponding figures. It is very apparent from these 
statistics that tuberculosis is a much more universal infection in Europe 
than in Syria. 

Heinemann (5) between 1918 and 1921.found the Pirquet positive on 
3.9 per cent of 10,015 workmen along the east coast of Sumatra. In 
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1928, however, Heinemann (6) found 16 to 35 per cent positive tests 
among adults in the same region, indicating an increase in the prevalence 
of tuberculous infection. 

Rodhain (7) found very low percentages of tuberculin positives in the 
Belgian Congo, Africa. Of 807 soldiers and recruits tested, 9.5 per cent 
were positive and 5.3 per cent were doubtful. Five hundred natives from 
the interior were 4 per cent positive. At Irebu 391 women and children 
were tested with only 1.8 per cent positive. At Leopoldville 54 boys 
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CuarT 5. PositTivE TUBERCULIN TESTS IN VIENNA (HAMBURGER) 


showed 5.4 per cent positive reactions and 62 girls only 1.8 per cent. 
There is a marked rarity of tuberculosis among the natives of the Belgian 
Congo where they have not been exposed to Europeans and Americans 
to the same extent as other countries. 

Syria has a higher percentage of tuberculous infection than the natives 
of Africa. Syria has been exposed to foreigners to a greater extent than 
natives of the Belgian Congo. Not only have missionaries uninten- 
tionally brought tuberculosis to Syria, but commerce as well. Beirut is 
the gateway of commerce from Europe and America to Iraq and Persia. 
Various European powers which have had control of Syria have also 
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introduced tuberculosis unintentionally. Another important factor in 
the spread of tuberculosis, which the Syrians mention themselves, is the 
return of their own people from North or South America to retire. These 
people have for the most part been infected, and some have the active 
disease. When they return to their villages, they bring the disease which 
spreads rapidly, causing many deaths. This is because the people in 
certain inland villages are not universally infected, and therefore have 
little or no resistance to the disease. In such instances the disease truly 
deserves the name The White Plague. 

Much (2) quotes a similar observation by Deycke Pascha in Turkey 
fifteen years ago. People from an inland village which was tuberculosis- 
free, going to Constantinople for military service, became infected with 
tuberculosis and returned home afterward. In such instances tubercu- 
losis has spread rapidly and the mortality has been high. 

One would expect to find in Syria a great deal of the exudative type 
of tuberculosis among adults, such as Gruber (8) (9) found among 
autopsies of the French Senegalese soldiers during the occupation of 
Germany after the War. The disease simulated the tuberculosis causing 
death among children. In Syria we have very few autopsies of Syrians; 
we have not had an autopsy of active tuberculosis in an adult in the past 
two and one-half years. There have been several cases of exudative 
tuberculosis in children. 

We have seen, as a result of the series of tests here, that the extent of 
tuberculous infection is greater than among natives of the Belgian Congo 
and less than among Europeans. The more universal tuberculous infec- 
tion is among a given people, the greater istheimmunity. This has been 
well illustrated by the American negro, who is now developing a certain 
degree of immunity after living for several generations constantly exposed 
to the infection from the infected but more immune Americans. 

Parr (10), working with the authors, took blood from 944 subjects for 
typing to see whether there was any relation between the tuberculin 
positives and the blood groups. Following are the results: 


Blood-groups of 944 tuberculin-tested Syrians and Armenians 


Jansky I Jansky II Jansky III Jansky IV 
30% 43% 15% 11% 


Blood-groups of 450 tuberculin-positive Syrians and Armenians 


Jansky I Jansky II Jansky III Jansky IV 
31% 43% 15% 10% 
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The blood-groups of these tuberculin-positive cases fail to support the 
contention that there is any relation between susceptibility to tubercu- 
losis and any one blood-group. Therefore, any measure directed toward 
the prevention or treatment of tuberculosis should be applied to all 
people regardless of blood-groups. 

We found that 42 per cent of Armenians and Syrians of all ages were 
tuberculin-positive. Up to the age of 15, 34.3 per cent were positive. 
The result of this series at the Hospital of the American University has 
been a wider use of the tuberculin test by clinicians, who are including 
patients up to 15 years of age. Only a negative test is considered of 
value. Three doses of increasing strength are given intracutaneously 
before the test is considered complete, if the first is negative. The 
departments of ophthalmology and dermatology have sent cases for 
tuberculin tests to help in ruling out tuberculosis of the eye and skin. 

We have recognized the fact that inalaria may cause a negative 
tuberculin test. Malaria is a common disease in Syria. In order to 
eliminate this factor we have used only healthy subjects in the series used 
for statistics. Malaria was ruled out in the patients who were tested in 
the outpatient clinic. 


SUMMARY 


1. A series of 1,200 intracutaneous tuberculin tests was carried out in 
Syria. The results were compared with tuberculin tests in Palestine, 
Europe, Sumatra and the Belgian Congo. The positive results among 
the Syrians and Armenians who make up most of the population were 
shown in charts by age-groups. Positive tuberculin tests for all ages of 
both nationalities averaged 42 per cent. As a result of these figures it 
was concluded that tuberculosis is not so universal in Syria as in Europe, 
and therefore the population is less immune to the disease. 

2. The causes of the spread of tuberculosis in Syria were discussed. 

3. Blood-typing, done on 944 tuberculin tested, showed that no blood- 
group among the tuberculin-positives was susceptible to tuberculosis. 


We wish to express our thanks to Dr. Apkar Salatian for his help in carrying out the 
work. We also thank those in charge of the various institutions where we carried out the 
tests for their codperation. 
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THE TUBERCULOSIS PROGRAM IN NEW HAVEN 
H. R. EDWARDS! 


The set-up of the tuberculosis program in New Haven is sufficiently 
different from that of the average community in this country, we 
believe, to justify a presentation of our plan. The essence of our success 
is found in that often-used term codperation. No one organization is 
responsible for present-day accomplishments but every group has made 
a contribution indispensable to the whole. This fact is ably demon- 
strated when we review the trend of tuberculosis in New Haven since 
1870 to the present day. There has been a steady decline in our death- 
rate regardless of the fact that the present organization of agencies was 
not started until 1926. We believe however that our present plan will 
result in a more closely united effort than ever before. 


GENERAL CHARACTERISTICS OF NEW HAVEN 


New Haven has a moderate and mildly variable climate, characteristic 
of the northeastern United States, but rather high in humidity and rain- 
fall and low in fog and wind velocity. 

The population of New Haven was estimated at 188,363 for 1928. The 
city is growing at the rate of 3,000 per year. The age-distribution does 
not differ very materially from that of the country as a whole. Sixty 
per cent of the population is of foreign-born whites, or native citizens 
of foreign parentage, against less than 30 per cent for the United States. 
The foreign-born population is predominantly Italian, Russian and 
Irish. The Italians and Russians are characterized by relatively low 
death-rates and the Irish by relatively high death-rates. The density of 
population is 10,162 per square mile. 

New Haven is distinguished as an educational centre. There are 
varied industries with over 30,000 skilled operators on their pay-rolls. 


The municipal appropriation for constructive social service in New Haven is 
unduly low as compared with other New England cities of similar sizes. The 
deficiency is in part, but not wholly, compensated by very generous voluntary 


1 Director, Bureau of Tuberculosis, Department of Health, New Haven, Connecticut. 
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offerings through the Community Chest; but the need for more generous in- 
vestment by the City in proved lines of endeavor for the promotion of health 
and efficiency is clearly indicated. (Abstract, Health Survey of New Haven, 
1928.) 


THE TUBERCULOSIS PROBLEM IN NEW HAVEN 


New Haven is particularly fortunate in that complete mortality statis- 
tics of tuberculosis (pulmonary and other forms) have been compiled by 
the Department of Health since 1871, and the Bureau of Vital Statistics 
has on file death certificates as far back as 1850. The material since 1871 
is on file in the Bureau of Tuberculosis, classified according to pulmonary 
and other forms, by months, also the age and sex distribution, so that it is 
reasonably easy to evaluate the progress made, and the problem at the 
present day. The tuberculosis death-rate per 100,000 of the population 
is given in the following table for each ten-year period. 


TABLE 1 
Tuberculosis death-rate (all forms) per 100,000 of the population 


1871 370.1 


1881 393.1 
1891 224.5 
1901 198.5 
1911 143.6 
1921 76.0 


1928 63.3* 


* Includes all New Haven residents dying in New Haven or sanatoria elsewhere. 


Thus it is evident that the trend in tuberculosis has been steadily down- 
ward. Nevertheless there still exists a serious problem. In 1928 there 
were 119 deaths of New Haven residents, an increase of 28 deaths over 
1927, accountable in part by a marked increase in deaths from respira- 
tory diseases, the economic depression existing in New Haven, and 
partly because of the more accurate record kept of cases and deaths in 
1928 over any previous year. Sixty-one per cent of our deaths in 1928 
occurred in hospitals or sanatoria. This means that, if some of those 
deaths in hospitals had occurred in homes, death would have been 
attributed to pneumonia. In fact, several such cases were noted. 

The problem in New Haven then can be estimated roughly by the 
Framingham formula, that is, approximately 18 living cases (9 active and 
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9 arrested) for each annual death, averaged over the past five years. 
On this basis there should be on file in the Bureau of Tuberculosis approx- 
imately 2,000 known cases of tuberculosis. On January 1, 1929, there 
were approximately 1,800 known cases in our files. The accuracy of this 
statement was verified by an actual checking of cases on file with physi- 
cians, hospitals and sanatoria having handled these cases. In those in- 
stances in which the above sources were unable to give current informa- 
tion, the cases were referred to the visiting nurses for further investigation, 
and it is interesting to note that only a very small percentage thus far 
have apparently been lost. 


ORGANIZATION OF THE BUREAU OF TUBERCULOSIS 


The first constructive plan to combat tuberculosis by the Department 
of Health was in 1919, when specialized tuberculosis nurses were em- 
ployed under the Bureau of Communicable Diseases, and a municipal 
dispensary was started. In 1925 a tuberculosis survey of New Haven 
was made by H. A. Pattison of the National Tuberculosis Association 
in which a Bureau of Tuberculosis with a full-time director was urgently 
recommended. 

These recommendations went into effect in September, 1926. The 
Department of Health subsidized the generalized visiting-nurse staff with 
the funds used for specialized tuberculosis nurses. The municipal dis- 
pensary was abandoned and all dispensary activities centered at the 
New Haven Dispensary. 

The Bureau of Tuberculosis was deemed to be the hub about which all 
tuberculosis activities in New Haven should centre, and, while the 
Director of the Bureau did not have direct control of each of the agencies 
in New Haven dealing with tuberculosis, he was supposed to be the 
correlating and directing head. 

In order to facilitate the problem of codperation, the ‘‘Advisory 
Board of the Anti-Tuberculosis Program” was created. Its membership 
included representatives of the various affiliated organizations, and its 
function is, as indicated, purely advisory in character. To it are brought 
all community tuberculosis problems. The recommendations of this 
Board in most instances have been accepted and put into effect by the 
various agencies to which it has made suggestions or recommendations. 
The chairman of the Board is the Health Officer of New Haven and the 
secretary the director of the Bureau of Tuberculosis. 
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TUBERCULOSIS LEGISLATION 


Tuberculosis was first recognized in New Haven as a communicable 
disease in 1889, but it was not until 1905 that tuberculosis was added to 
the list of contagious and infectious diseases and ordinances were enacted 
requiring the reporting of tuberculosis by physicians, hospitals and other 
agencies. The reporting of cases was infrequent. In 1906 not more than 
a half-dozen physicians complied with these regulations. 

During 1910 the ratio of new cases reported exceeded the deaths for the 
first time, and at no year since this date has the ratio failed to be one or 
more new cases for each annual death. In 1928 they reached the high 
ratio of 4.1 new cases for each annual death. 

Rules and regulations regarding disinfection of premises occupied by 
the tuberculous.and an antispitting regulation were put into effect in 
1900. 

Legislation affecting the hospitalization of the tuberculous was first 
inaugurated by the Connecticut General Assembly, and by the Connecti- 
cut State Board of Health in 1909. In brief, this legislation provided 
that no case of tuberculosis could be treated in County Alms Houses, 
but that it must be hospitalized in the sanatoria provided by the State 
Tuberculosis Commission. The Connecticut State Board of Health 
regulation stated in part that any case of tuberculosis proved by the local 


~ health officer to be “‘a menace to the public health, or liable to jeopardize 


the health of any person or persons in or on the premises occupied or 
frequented by the affected person must be removed to an isolation hospi- 
tal or other place, there to be received and kept until he shall no longer 
be a menace to the public health.” 


CASE FINDING 


An analysis of the source of report of new cases for a five-year period 
disclosed the fact that approximately 78 per cent were from sanatoria, 
hospitals, dispensary, and sources other than that of the practitioner. 
The statutes of Connecticut require every sanatorium and hospital to 
report to the local health officer every case of tuberculosis admitted or 
discharged. Regulation cards for this purpose are provided. Thus, 
by checking each card for completeness of detail when received, the name 
of the referring physician will be ascertained. If the physician has not 
reported the case previously, he is requested to do so at once. Thus it is 
practically impossible for a physician to refer a patient suffering with 
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tuberculosis in any form to a hospital in New Haven or to any one of the 
sanatoria in the state without the fact being known eventually to this 
Bureau. 

The laboratory records on sputum examinations afforded another val- 
uable source of information. These records for the past ten years were 
checked against our case-files, charting positive or negative findings as 
the case might be. During this investigation, it was found that in several 
instances a series of sputums had been submitted on a single case. Fre- 
quently all were negative, and occasionally one or more were positive out 
of the series. This information formed the basis for a circular letter to 
physicians stressing the importance of X-ray examinations in cases of this 
character, in which obviously there existed a strong suspicion of tubercu- 
losis. The month following, the requests for X-ray service on the De- 
partment of Health plan showed an increase. 

Duplicates of all sputum examinations made by the Bureau of Labora- 
tories are filed with the Bureau of Tuberculosis. When positive, the 
physician is allowed five days in which to send in the regular report; 
otherwise a written request is made, which never fails to bring results. 

All sputum submitted to the Connecticut State Board of Health labora- 
tories on New Haven residents are reported to this Bureau. 

We have a very satisfactory working arrangement with the United 
States Veterans’ Bureau Regional Office in Hartford. Monthly reports 
are made to us of all new cases coming to their attention, admissions 
and discharges with diagnoses of cases in U.S.V.B. hospitals. 

The only source for obtaining reports on cases that is not functioning 
adequately in New Haven is the private practitioner. We request 
a report whenever we have reliable information that a known case of 
tuberculosis is under a physician’s care, providing of course that he has 
not reported it previously. However, the fact that physicians so fre- 
quently fail to report the cases sent to sanatoria is an indication that there 
are in all probability many more under their care that they do not report. 
It is fairly definitely known that many physicians, some tuberculosis 
specialists, do not report their pay cases. 

The Bureau has made every effort to protect the rights of the practi- 
tionerin thismatter. As soon asa case is reported, the physician is asked 
if he wishes nursing service. His reply is entered on the record. If he 
does, the case is referred to the visiting nurse, otherwise the case remains 
a confidence between the Bureau and the physician. In the instances 
in which cases drift from one physician to another, it is very easy for an 
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apparent breach of confidence to exist. It is believed that in time when 
the physician appreciates more fully the purpose of the Bureau, there will 
be less reticence in prompt reporting. This phase of the work requires 
eternal vigilance and accuracy in handling incoming information. Ifa 
single case is reported to us by two or more physicians in a short period, 
indicating that it is not sticking with one physician, a form letter is sent 
to the patient, urging the necessity of remaining permanently with one of 
his consultants. 

On June 1, 1929, 0.9 per cent of our estimated population was registered 
with this Bureau as being tuberculous. 


CLINICAL SERVICE 


All dispensary activities are centered at the New Haven Dispensary, 
connected with Yale Medical School. The New Haven Disepnsary is a 
polyclinic, including every branch of medicine and surgery. It is cen- 
trally located in the city on car lines convenient to all parts of the city, 
and is within 13 to 2 miles of approximately 98 per cent of the known tu- 
berculous in the city. 

There are four clinic periods a week in the 3rd Medical Division 
(Tuesday, Thursday and Saturday mornings 9-12) and one night clinic 
(Tuesday, 7-9). There are four clinic periods in the 3rd Pediatric 
Division, all by appointment (Monday, Wednesday, Thursday and 
Saturday mornings). 

The Third Pediatric Clinic takes children to the age of six, when they 
are transferred to the Third Medical. The Saturday morning session of 
the Third Medical is devoted entirely to children between the ages of 6 
and 15. 

On the basis of 1,500 clinic visits per each 100 deaths (1,515 in 1928, 
New Haven Dispensary actually registered 3,731, or approximately 140 
per cent above the standard. However, we failed to attain the standard 
of 3 visits per patient registered. The explanation for this lies partly 
in the fact that the examination of contacts is being done very thoroughly, 
as approximately two-thirds of all cases carried at the dispensary are 
contacts. Another possible explanation lies in the fact that there are 
approximately two New Haven residents per annual death in hospitals 
and sanatoria all the time. Thus there are fewer open cases living in 
their homes and a dispensary liability. The dispensary discharges cases 
while in hospitals. Again we are constantly on the alert to detect a 
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dispensary case that has gone to a private practitioner. Whenever this 
fact is known, the patient is immediately discharged and the attending 
physician is sent a brief of the dispensary findings. 

Diagnostic clinic service for the practitioner may be had by appoint- 
ment, the dispensary making a diagnosis, but not actively treating the 
case. 

The Director of the Bureau of Tuberculosis stands ready to consult 
with local practitioners on their problem cases, either in their offices or 
at the home of the patient. This service is growing in volume. The 
Director also assists in the dispensary work. 

Other clinical activities include an X-ray and tuberculin service and 
the usual Department of Health Laboratory service. The X-ray service 
is an arrangement with four prominent roentgenologists to takestereofilms 
of the chest for a minimum of $5.00 each, the patient paying $3.00 of the 
cost at the time of examination and the Department of Health the 
balance. The only qualification is that patients recommended for this 
service be unable to pay standard fees for similar service. It is left to 
the doctor to decide. Duplicate reports are made on each examination, 
one going to the physician recommending the case, and the other to this 
Bureau. In 1928, 117 X-rays were taken on this plan, 41.02 per cent of 
which were positive. 

Fresh dilutions of O.T. (1/50, 1/10 and 1 mgm.) are prepared and 
supplied to physicians on request free of charge. This service has not 
been utilized to any extent. The use of O.T. as a diagnostic aid in 
contact children is used in New Haven by but a few practitioners. The 
Director of the Bureau will render this service for the physicians on re- 
quest. 


NURSING SERVICE 


As mentioned previously, all nursing service is rendered by the New 
Haven Visiting Nurse Association on a generalized plan. They main- 
tain a Tuberculosis Supervisor who is responsible for the tuberculosis 
nursing service in the various districts. New Haven’s quota of nursing 
visits in behalf of tuberculosis for 1928 was 5,750 and our performance 
was 18,394, not including visits made by the Dispensary nurses (280), and 
U.S.V.B. nurses to active beneficiaries of that Bureau. Our quota of 
visits to ex-sanatorium patients for 1928 was 1,150 and our performance 
2,654. The only indication that our nursing service might not be func- 
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tioning 100 per cent is the ratio of visits at the Dispensary to cases regis- 
tered, and this may be more apparent than real, as indicated previously. 

The Visiting Nurse Association nursing service is augmented con- 
siderably by the school nurses. While these nurses are not primarily 
interested in tuberculosis, they are able to render great aid in the super- 
vision of the contact tuberculous child in the public schools. 

Ideally the generalized nursing plan appeals very strongly, but like 
most ideals it does not function 100 per cent from a practical standpoint. 
The following reasons selected from others will illustrate the point, that 
is, comparatively few nurses graduating from training schools have had a 
reasonable amount of contact or training in tuberculosis. The great 
shortage in public-health nurses at the present time results in employing 
many nurses who have had very little public-health experience, much 
less specialized training in tuberculosis, and further there still exists a 
phthisiophobia on the part of many nurses. We feel this is true in New 
Haven as well as elsewhere. We are making every effort to overcome 
the above handicaps in the following manner. 

In 1928 a series of eight lectures and one demonstration was provided 
for the local V.N.A. and incidentally they were attended as well by the 
school nurses and the public-health nurses in many of the surrounding 
towns. The lectures covered the subject of tuberculosis from a historical 
sketch, infection, immunity, treatment, etc., to our present problem and 
needs. The demonstration was put on by the Yale Medical School in the 
subjects of bacteriology, pathology and X-ray. 

All new V.N.A. nurses are detailed to the Tuberculosis Division of the 
New Haven Dispensary for one week to observe the technique used there. 
All nurses visit one or more of the State sanatoria, where demonstrations 
are put on of pneumothorax, X-ray, etc. The most important step thus 
far has been an arrangement with the William Wirt Winchester Hos- 
pital (tuberculosis division of the New Haven Hospital) whereby two 
nurses are detailed each week to the hospital. It is entirely a volun- 
tary service. The nurses observe at first hand the nursing technique 
used there. They make ward rounds, attend fluoroscopic examinations, 
autopsies, laboratory procedures, do actual nursing on the wards, and 
attend lectures by the medical and nursing staffs. In short, no door is 
closed tothem. What they get depends entirely upon their initiative and 
industry. The proof of this plan has been amply demonstrated in the 
reports each nurse has prepared at the close of her term there. Ina few 
instances it has stimulated important changes in the hospital procedure. 
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Each nurse returning has been most enthusiastic about the value of this 


The Director of the Bureau further aids in a better understanding of 
tuberculosis problems by being present at the district nurses’ case con- 
ferences at fairly regular intervals. Thus we feel we are making every 
available effort to make the generalized program 100 per cent efficient 


from the standpoint of tuberculosis. 


INSTITUTIONAL CARE 


The City of New Haven operates no hospitals or sanatoria for the tu- 
berculous. 


The Connecticut State Tuberculosis Commission operates 


five State sanatoria, three for adults and two for children, one of the latter 
taking pulmonary and nonsurgical forms, and the other surgical and 


bone cases. 


There is a total of 881 beds in these institutions. These 


beds are available to Connecticut residents having any form of the 
disease, and by law they are the only legal institutions for the hospitali- 
zation of the tuberculous by the various local county or city govern- 
ments, unless the latter provide suitable hospitals for these patients, 
not connected with alms houses, and meeting the approval of the State 
Tuberculosis Commission. ‘Thus all cases city charges in New Haven 
are eventually hospitalized at these sanatoria. 

In addition to the State Commission beds, there are 281 other beds for 
tuberculosis. This total of 1,162 beds is approximately equal to the 
average annual deaths in Connecticut,—the minimum standard. On 
the basis of population New Haven is using more than its share of these 


beds. 


The Tuberculosis Commission has the right to refuse hospitalization 
to any person “‘of immoral or filthy habits, or who, for any good cause, 
in the opinion of said Commission, is unsuitable for association with the 
inmates of such sanatorium shall not be received or retained unless 
separate accommodation is provided for such patient.” (Italicizing the 


author’s.) 


This ruling places the responsibility of hospitalization of this type of 
case on the local authority until such time as the State Tuberculosis 
Commission provides beds. Unless a municipal hospital with commit- 
ment authority exists, recalcitrant cases are not properly and expedi- 
tiously disposed of. 


In 1927 New Haven averaged about 170 residents in hospitals or sana- 
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toria for tuberculosis at the close of each month. In 1928 this average 
had reached about 190 and at the close of the year there were 201 resi- 
dents in institutions. This gave New Haven approximately 66,000 pa- 
tient days of treatment in 1928, compared to our quota of 28,750. Re- 
gardless of so high a patient-day figure, we failed to meet our quota of 
25 per cent admissions in the incipient stage of the disease. This figure 
was 109 and our performance was 29. It seems that the reasonableness 
of this standard is open to some question, in view of New Haven’s 
accomplishments in hospitalization and the large ratio of new cases 
reported. 

It is impossible for New Haven to change the status of admitted cases 
to State sanatoria. Our accomplishments indicate very definitely that 
there are a very large number of cases beyond the incipient stage to be 
hospitalized. This is also true of the majority of new cases found. We 
have been able to meet quite satisfactorily the second problem of the 
long wait outside State sanatoria by resort to existing legislation. The 
State Board regulations, cited above, indicate the responsibility of the 
local Health Officer in Connecticut where a menace exists. 

In 1926 the Department of Health began hospitalizing such cases 
in the isolation wards of the New Haven Hospital. Seven cases were 
cared for, in 1927 the number increased to 27, and in 1928 to 55. 

The cost of temporary hospitalization has of course increased by leaps 
and bounds, and it was difficult for the Board of Finance of ‘he City 
to fully appreciate the importance of this phase of our work, especially 
because it was new, and we had to ask for additional appropriations 
throughout the year 1928 to meet existing emergencies. However, the 
Board has been reasonably generous with us. Practically one out of 
every three given temporary hospitalization during 1926 to 1928 was 
dead at the close of 1928. 

The problem of the recalcitrant tuberculosis case has not in the past 
been adequately handled in New Haven. True, we have definite regu- 
lations, but they lack teeth, chiefly because we have no place with 
commitment authority for such cases. There is additional legislation 
in the statutes enacted for the Connecticut Humane Society. In brief it 
states, ‘‘and every person who shall wilfully or unlawfully cause or permit 
any child under the age of sixteen years to be placed in such a situation 
that its life or limb is endangered, or its health is likely to be injured.” 
This statute has been invoked by the local courts in cases in which 
either the father, mother, or other person in the household was considered 
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an open case of tuberculosis and thereby a menace to other members in 

the home. Under existing statutes the courts give the patient the choice 
of hospitalization or the county jail. Thus far the patient has selected 
the hospital. 

Other institutional care of the tuberculous in New Haven comes under 
the heading of ‘“Open-Window Class Rooms” and a summer camp. 

The open-window class rooms are operated entirely by the Department 
of Education. There are seven now in operation. 

Each summer (July to October) the William Wirt Winchester Hospital 
maintains a summer camp for contact tuberculous children. The 
children are recruited chiefly from the New Haven Dispensary. 

New Haven has no preventorium facilities. The need is most acute 
and our preventive program is greatly jeopardized thereby. 

The Employees’ Tuberculosis Relief Association assumes a very active 
part in New Haven’s program. This is a voluntary organization 
designed for the employees of industries in New Haven. Its income is 
derived from individual employees who make an annual contribution to 
the Association. The amount subscribed by the employees of any 
particular industry is matched by the managers of that industry. There 
were 62 corporations, firms and business houses whose employees were 

members of the Association in 1928. In addition, the Employees’ 
Tuberculosis Relief Association handles the annual Christmas Seal Sale. 
Their income is about $30,000 a year. Their expenditures include 
material relief for individuals affiliated, or their families, and the payment 
of $4.00 per week toward hospitalization. Four dollars is also the mini- 
mum required of any case admitted to State sanatoria. This plan 
relieves the City of New Haven of a considerable financial burden. In 
fact, the E.T.R.A. expends more for hospitalization and relief of the tu- 
berculous than does the New Haven Bureau of Charities and Corrections. 
The E.T.R.A. gives $5,200 each year to the V.N.A. for tuberculosis 
nursing service. Other than this, their activities are distinctly of a relief 
character. 


CONCLUSION 


1. The trend in deaths from tuberculosis in New Haven has been 
steadily downward during the past 50 years, and this in spite of the fact 
that it has only been within the past ten years that any definite plan has 
been established in New Haven. 
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2. The greatest decline in deaths occurred in the decade 1911-1921. 
The cause undoubtedly lies in the fact that the State sanatoria were 
opened in 1909 and many New Haven residents died in these institutions 
and were not reallocated to New Haven. 

3. The present plan of organization for the control of tuberculosis in 
New Haven is, we believe, unique. When operating at its greatest effi- 
ciency, it is reasonable to expect a continued downward trend in the 
incidence and deaths from tuberculosis. 

Tn view of the fact that New Haven has, for the past five or more years, 
found an average of over three new cases per annual death, and so many 
of them beyond the incipient stage, and for the past two years has 
hospitalized approximately two cases for each annual death, it is seriously 
questioned if the existing standards of 25 per cent of all sanatorium 
admissions be in the incipient stage, is not an unreasonably high standard. 

The generalized nursing plan, in our experience, requires more than the 
ordinary amount of training and stimulation in subjects related to 
tuberculosis, to make it effective. 

The polyclinic has decided advantages over the regular tuberculosis 
clinic in a city the size of New Haven, especially when it is so centrally 


located. 


The private practitioner in New Haven is reporting his cases more 
promptly now than heretofore, but there is still reason to believe that he 
has not fully invisaged his responsibility. 

The successful administration of a Bureau of Tuberculosis in a Depart- 
ment of Health requires the strictest sort of attention to detail. If the 
Bureau becomes negligent, the important sources of reporting will do 
likewise. 


THE MYCOLOGY OF SPUTUM 
WILLIAM W. REICH anp DANIEL S. FOX! 


The importance of the fungi as aetiological agents in diseases of the 
respiratory tract has been slow to attract the attention of clinicians. 
For the past three decades attention has been focussed largely on the 
bacteria, and only sporadically have articles on pathogenic fungi ap- 
peared. However, the importance of some individuals of the latter 
group has been long recognized. Thus, Actinomyces, Blastomyces, Cocci- 
dioides, Sporotrichum, etc., were early recognized as causative agents in 
generalized as well as in localized disease processes. It has remained 
chiefly for Castellani in numerous papers (1) (2) (3) (4) (5) (6) (7) to 
show the growing importance of the fungi, first in the field of dermatology 
and, more recently, in infections of the pulmonary tract. Numerous 
clinical reports have served to emphasize this subject in our own coun- 
try. Important articles appearing in The Journal of the American 
Medical Association during the past year (8) (9) (10) may signalize a 
growing interest in this promising field of investigation. 

Unfortunately, the fungi have not, on the whole, been studied in the 
thorough and systematic manner that has characterized the study of the 
bacteria. The taxonomy of the thallophytes is in a language unfamiliar 
to most medical men. Moreover, classification is poorly developed. 
Castellani has outlined promising classificatory schemata and has well 
laid the foundation for future studies. He has repeatedly suggested in 
many excellent papers that on careful study the incidence of pathogenic 
fungi would be found to more than justify their careful consideration as a 
highly important group of incitants of disease. The same author has 
called attention to the occurrence of pathogens apart from the realm of 
dermatology. To quote from one of his papers (3): 


It would seem to me that the subject of bronchitis and broncho-alveolitis of 
fungal origin deserves to attract more attention than has been the case hitherto. 
The subject is of practical importance. These conditions are not very rare 
even in temperate climates and in some cases if an accurate diagnosis is made 
in time a cure can be made. I should like to emphasize the point that second- 
ary bronchomycoses are quite common, and that the mere finding of a fungus 
in the sputum is not sufficient to establish the diagnosis of pulmonary bron- 
chomycosis. Every possible investigation should be carried on to exclude 
tuberculosis. 

1 Department of Public Health and Preventive Medicine, Stanford University School of 
Medicine, San Francisco, California. 
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We have felt for many years that there might be a close clinicopatho- 
logical relationship between tuberculosis and bronchomycosis. It is 
interesting to recall the close biological relationship between Mycobac- 
tertum tuberculosis and other members of the great group of Fungi im- 
perfecta. A glance at Castellani’s classification in the Milroy Lectures 
(2) serves to indicate the clinicopathological relationship which one may 
expect in diseases due to members of this ubiquitous group. 

The scattered reports from our own country within the past 25 years 
serve as a rough index of distribution of fungus infections. The major- 
ity of papers are from clinical workers who have not usually had suffi- 
cient training in microbiology in general and in mycology in particular to 
stamp their findings with scientific precision. 


SOURCES OF MATERIAL 


The primary purpose of this study was to investigate the higher flora 
of sputum. We felt that such a background was essential to any future 
clinicopathological studies. The specimens were collected from cases 
selected atrandom. A total of 141 specimens were examined. Of these, 
80 were taken from the tuberculosis wards of the San Francisco Hospital; 
the remainder came from general medical and surgical cases largely from 
Lane Hospital and with a few specimens from private cases. 


METHODS 


As fresh specimens as possible were obtained after collection in the 
usual carton sputum cups. A sterile centrifuge tube was half-filled with 
sputum and fresh 10 per cent antiformin was added in equal amount. 
This mixture was shaken and incubated at 37°C. for one hour, and then 
centrifugated at high speed for 5 minutes. The supernatant fluid was 
then decanted and the residue washed with sterile distilled water and 
again centrifugated. The supernatant fluid was again decanted and the 
residue used for study. We have used this method of antiforminizing on 
known control cultures of various fungi and have found it quite satis- 
factory for homogenizing sputum. It exerts a bactericidal or bacteri- 
ostatic action; at the same time the viability of the fungi does not appear 
to be materially affected. A large loopful of the residue was streaked 
upon two freshly poured plates of Saboraud’s agar, previously adjusted 
to pH 6. These were then incubated upside-down for 24 hours at 37°C., 
following which incubation was carried on at room temperature for a 
further period of fifteen days. During this time daily observations were 
made. A second large loopful of the residue was placed ona clean slide 
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and carefully examined with the low and high powers of the microscope. 
Careful note was made of filaments, spores and yeast-like structures, 
as well as any other findings of an unusual character. 

All colonies appearing on the plates and not obviously bacterial were 
subjected to direct microscopic studies. When these observations proved 
fruitful, transplants were made to Saboraud’s medium and to 1 per cent 
glucose-agar slants. These subcultures were incubated as above de- 
scribed and served as a basis for further microscopic and cultural study. 


CONTROL STUDIES ON AIR CONTAMINANTS 


It was felt that a control study of the air flora might show some rela- 
tionship to the forms recovered from sputum. Accordingly, 36 plates of 
Saboraud’s agar, prepared from the same stock used in the major study, 
were exposed for one hour in various places in the wards and laboratories 
in the locale of the sputum studies. The plates were then incubated and 
followed along with the sputum cultures. The results are discussed 
elsewhere. 

RESULTS 


Twenty-four strains were recovered from the 141 specimens of sputum 


examined. These belong, according to our tentative classification, to 
seven families and to twelve genera. Microscopic appearances sugges- 
tive of fungi or their spores were encountered in 29 cases. However, 
both microscopy and culture were positive in only 6 instances. Further 
reference is made to this latter fact; it serves here to emphasize the value 
of both types of studies. Each has its values and its limitations. It is 
obvious that the percentage of recoveries has been definitely increased by 
the use of the two methods simultaneously. Table 1 summarizes the 


cultural findings. 
TABLE 1 


Nocardia 
Nocardiaceae Malbranchia 


Odsporaceae Oidium 
Monilia 

Hemisporaceae Hemispora 
Sporotrichiaceae Sporotrichum 
Saccharomycetaceae Blastomyces 
Penicillium 
Aspergillaceae Aspergillus 
Sterigmatocystis 
Mucor 
Mucoraceae 

Rhizomucor 


Unclassified 


NUMBER OF 
FAMILY GENUS STRAINS 
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Table 2 summarizes the findings on air cultures. 


TABLE 2 


Nocardiaceae 
Sporotrichiaceae 
Aspergillaceae 
Mucoraceae 


Streptothrix 
Sporotrichum 
Sterigmatocystis 
Mucor 


Table 3 summarizes the cases from which positive cultures were ob- 
tained. The species designations, including two new forms, are tenta- 


tively placed. 


TABLE 3 


CLINICAL DIAGNOSIS 


FUNGUS RECOVERED 


Tuberculosis, pulmonary 
Tuberculosis, pulmonary 
Tuberculosis, pulmonary 
Tuberculosis, pulmonary 
Tuberculosis, pulmonary 
Tuberculosis, pulmonary 
Tuberculosis of colon 
Tuberculous pleurisy 
Tuberculosis suspect 
Tuberculosis suspect 


Chronic bronchitis 
Chronic bronchitis 
Chronic bronchitis 


Arteriosclerosis 
Cancer of prostate 
Gonococcal arthritis 
Hernioplasty 

Lung abscess 
Mastoidectomy 
Pneumonokoniosis 


Blastomyces 

Mucor 

Aspergillus 

Oidium 

Penicillium exudativum, n.sp. 
Monilia 

Nocardia 

Sporotricum 

Sterigmatocystis 
Malbranchia 


Penicillium 
Aspergillus 
Rhizomucor 


Mucor 
Hemispora 


Aspergillus 

Nocardia 

Monilia fermentans, n.sp. 
Oidium 

Nocardia 

Penicillium exudativum, n.sp. 
Unclassified 

Aspergillus 

Monilia 
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FAMILY GENUS STRAINS 


WILLIAM W. REICH AND DANIEL S. FOX 


DISCUSSION 


We wish to state at the outset that our generic and species designations 
are purely tentative. Although based on careful microscopic and cul- 
tural studies, the taxonomic details are so complex and the morphological 
and cultural features so variable during the life cycle as to preclude defi- 
nite placing at this writing. It would be extremely desirable to submit 
the strains recovered by various workers to some competent, central 
mycological institute for further study. In this way the basis for a ser- 
viceable nomenclature would be laid. 

It is of interest and probably of significance that 24 strains of fungi 
belonging to the 12 genera have been recovered, representing approxi- 
mately 17 per cent of the cases studied. That the greater number of 
these are not to be considered as mere air contaminants is indicated by 
our control studies. Here, with every opportunity for exposure only 12 
strains were recovered and these fell into only 4 genera, not including, 
therefore, 9 genera represented in the sputum strains. 

We wish to reémphasize the importance of microscopic and cultural 
studies. In our own work the discrepancy between the two sets of 
observations indicates the necessity for the utilization of both methods of 
study. We wish to warn against the common mistake of disregarding 
peculiar findings in sputum examinations as by so doing important 
structures will be overlooked. 

We have as yet made no attempt to determine the clinical or pathologi- 
cal significance of the strains recovered. We realize the extreme de- 
sirability of studying several specimens from each case if one were to 
draw inferences from the results. We wish to state our belief that this 
problem cannot be settled by purely experimental methods alone, as 
pathogenicity and even serological studies may lead one astray. As 
other writers have pointed out, a stringent search for tuberculosis must 
be instituted in every case before one’s suspicions can be laid at the door 
of fungi. It must be remembered in this connection, that many of the 
fungi are at least partially acid-fast, and, when in the form of short 
filaments, the opportunity for confusion becomes apparent. We suspect 
that this may have been the case in one of the instances reported in this 
paper. Undoubtedly the fungi are often present as secondary invaders; 
again they may occur as mere saprophytes. It is our opinion that as 
secondary invaders they may contribute to the chronicity of the disease 
process. It would seem wise to treat cases definitely not tuberculous as 
bronchomycoses. 
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MYCOLOGY OF SPUTUM 


SUMMARY 


1. The subject of bronchomycosis merits increased interest. 

2. One hundred and forty-one sputa from a variety of clinical material 
have been subjected to microscopic and cultural study. 

3. Twenty-four strains of fungi belonging to 12 genera have been re- 
covered, including what we believe to represent two new species. 

4. Cultural combined with microscopic study of sputum yields the 
highest percentage of positive findings for fungi. 


It affords us much pleasure to acknowledge the kind support and supervision of Professor 
E. C. Dickson. 
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AN ATTEMPT TO GROW TUBERCLE BACILLI IN GROSS 
TISSUES! 


H. J. CORPER 


Tuberculosis, the disease of apparent paradoxes, presents many prob- 
lems still to be unfolded, as well as requiring a practical evaluation and 
orderly arrangement of its manifold intricacies. Some of these concern 
the solution of so seemingly simple and yet so important a phase of study 
of the disease as the growth of tubercle bacilli within and outside of the 
body under like conditions and exclusive of the complicated and involved 
mechanism concerned with allergy and that allied vague phenomenon 
we choose to call resistance for want of more definite knowledge. Among 
the seemingly striking discrepancies concerned with the behavior of the 
tubercle bacillus in and out of the body is the fact that this microérganism 
upon cursory examination will grow in the tissues of the body such as the 
lung, liver, spleen, etc., under conditions which, when imitated in vitro, 
result negatively, although recent tissue-culture work would appear to 
discredit this to a certain extent (1). The striking aerobiosis in the cul- 
ture tube as compared to the seemingly anaerobic intracellular in vivo 
growth is a well-known contrast. Likewise, under like conditions growth 
occurs on inspissated serum while in the native state this same material 
only at most supports a sparse or imperceptible growth. So with spu- 
tum, which may become veritably flooded with tubercle bacilli in the 
body, yet which, when placed under even the most favorable conditions 
for their growth in viiro yields only questionable results. Many other 
only too well-known examples could be cited bearing on this same sub- 
ject and many of these cease to be paradoxes when all the factors con- 
cerned are quantitatively analyzed. 

In earlier reports (2) it was pointed out that studies with the tubercle 
bacillus both in vivo and in vitro lost considerably in value unless per- 
formed in a quantitative manner (3), and no doubt many of our prevalent 
conceptions in tuberculosis will have to be altered after being submitted 
to more exhaustive accurate quantitative studies, since there appears in 
tuberculosis, especially as it concerns man, to be a definite significance to 


4 From the Research Department, National Jewish Hospital, Denver, Colorado. 
252 


4 
i 


ATTEMPT TO GROW TUBERCLE BACILLI 253 


quantitative relations between the tissues and the bacilli. Yet we all 
recollect and still see reports in which culture seedings and animal inocu- 
lations are performed in the crudest fashion with no consideration for 
amounts beyond such as are indicated by the terms heavy or light. 

Tubercle bacilli have a wide range of growth ability on laboratory 
media, as is evident from one of our earlier reports, in which it was shown 
that growth could be obtained on almost all the usual laboratory media 
containing appropriate amounts of glycerol, but that a nonprotein 
medium, such as Long’s and glycerol-broth-agar, required heavy seed- 
ings, while the usual glycerol-egg media, such as Dorset’s and Petroff’s, 
proved more satisfactory, and glycerol-potato cylinder medium proved 
superior to all of these for supporting the growth of tubercle bacilli, in 
that even small numbers of bacilli would grow on this medium. That 
tubercle bacilli will multiply i vitro in sputum at incubator temperature 
was maintained in 1925 (4) by Schiller, who mixed negative and positive 
sputa with an equal volume of 75 per cent glycerol and added not to 
exceed 5 per cent glucose, and after incubation for 24 to 48 hours noted 
definite increases in positive sputa, or the presence of bacilli in negative 
sputa in 8 to 33 per cent of the cases. In the absence of glycerol an in- 
crease was also noted but the bacilli disappeared after about 48 hours at 
37°C. With glycerol the greatest increase occurred in from one to nine 
days and then a stationary period persisted for one to two months. 
Kahan and Seidenberg (5) in 1926, in attempting to repeat Schiller’s 
work, did not concur with him with regard to the growth of the bacilli 
in sputum. In a subsequent article Schiller (6) found that tubercle 
bacilli would not grow on agar and potato media containing 37.5 per cent 
glycerol and therefore offered the explanation that sputum contained 
growth-stimulating substances for tubercle bacilli. He also believed 
that tubercle bacilli which have disappeared as a result of hydrolysis in a 
positive sputum will develop again by his procedure. He further found 
that even though sterile tissues cause a rapid lysis of tubercle bacilli 
this does not occur when tissues are added to the mixture of sputum, 
glycerol and glucose. 

In studying the survival and virulence of tubercle bacilli in excised 
animal lymph nodes, Webb, Ryder and Gilbert noted in 1922 (7) that 
there was a progressive loss of virulence of the bacilli during incubation 
(a few specimens of liver and spleen were also tested), although this was 
accompanied by no noticeable changes in the shape or staining reaction 
ofthe bacilli. Tissues incubated ten days were usually free from infective 
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power. On account of the importance of this subject in preserving the 
viability of specimens containing tubercle bacilli as well as for the inter- 
pretation of culture studies in tuberculosis, Corper, Lurie and Kretsch- 
mer corroborated and extended these studies in 1924 (8) and noted that 
at room (20°C.) and ice-box (5°C.) temperature the bacilli remained un- 
affected for a longer time,—for at least three months in the latter case. 
During incubation of normal or tuberculous guinea-pig tissues in vitro 
there was found to develop a water-soluble, thermostable substance 
capable of abolishing the infective power of virulent human tubercle 
bacilli for guinea pigs within 20 hours at 37°C. and this substance was 
considered probably identical with the tissue autolysates that Conradi 
in 1902 found bactericidal for the rapidly growing microérganisms. 

That tubercle bacilli will grow in pleural fluid alone under specially 
favorable conditions appears evident from the fact that Panisset and 
Verge (9) obtained growth in tuberculous fluid from dogs after four to 
six weeks at incubator temperature, yet ordinary seeding of serum or 
citrated plasma (from animals) in flasks with virulent human tubercle 
bacilli yielded no appreciable growth in our experience and a study of the 
results of graded seedings should prove interesting. Pertinent to the 
question of the growth of tubercle bacilli in sputum and tissues may also 
be cited the more recent report by Richet and Hauduroy (1926), who 
found (10) that sputum maintained at 37°C. may suffer a diminution or 
complete disappearance of tubercle bacilli, and that coincident with this 
“lysis” of the bacilli there is a loss of infective power for the guinea pig. 
The principle responsible for this disappearance is thermostable and 
therefore is not a bacteriophage or ferment, and it will not pass through a 
Chamberland L filter. In 1927 Richet (11) reported finding a similar 
bacteriolytic action of tissues (liver, spleen and muscle of the rabbit and 
the liver of the guinea pig) i” vitro upon human tubercle bacilli and that 
the active principle in the tissues is due to a thermolabile factor. He 
recorded a diminution or disappearance of the bacilli in the mixture with 
tissues coincident with the loss of infectiousness for the guinea pig. 

It appears evident from the foregoing studies by the various authors 
cited that tubercle bacilli meet a definite obstacle to their ready growth 
in sputum and in tissues i vitro at 37°C., and our earlier studies made it 
appear clearly evident that this substance was developed, at least in 
tissues, as a result of the action of autolytic enzymes and that although 
the enzymes were thermolabile the tuberculotoxic substance was thermo- 
stable. To remove the obstacle to the growth of the bacilli in pathologi- 
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cal tissues themselves zm vitro should, therefore, require a neutralization 
or abolition of the autolytic enzymatic action without injury to the bacilli 
or at least an inhibition of the action of those enzymes instrumental in 
forming the particular toxic products for the bacilli. To go a step fur- 
ther would be to then reinforce the nutrient requirements of the tissues 
for growing the bacilli if these were lacking in this as compared to other 
nutrient media. 

Suggestive possibilities developed for attaining this goal when it was 
found that, in the recently devised sulphuric acid-crystal violet-potato 
method for isolating tubercle bacilli from contaminated sources, an equal 
volume of 6 per cent sulphuric acid added to sputum or ground tissues 
would destroy contaminating microérganisms after 30 minutes at 37°C., 
and after washing with sterile saline solution, when the residue was 
planted upon the crystal violet-potato cylinder medium, this would effi- 
ciently support the growth of small numbers of bacilli. It appeared 
almost obvious from this that through some action of the sulphuric acid 
upon the tissues the usual toxic influence of the tissues was either pre- 
vented or neutralized, or that some other explanation should be sought 
in order to avoid unforeseen obstacles to the accurate application of the 
culture test for practical purposes. 

Accordingly a series of experiments were planned to determine whether 
tubercle bacilli would grow on both normal and tuberculous tissues after 
appropriate treatment with sulphuric acid. Since earlier studies (3) 
had disclosed that to find tubercle bacilli in stained sections of the liver, 
spleen and lungs with the microscope it required intravenous injections 
into rabbits and dogs of about at least 0.3 to 3 mgm. per pound body 
weight and since it is a well-substantiated fact that the addition of a 
certain amount of glycerol (about 3 to 6 per cent was used) was con- 
ducive to promoting a good growth of bacilli on any of the laboratory 
nutrient media, this information was applied in the preliminary series 
of this study. In all cases the tissues were observed for both macro- 
scopic and microscopic growth of the tubercle bacilli (sections were pre- 
pared after Zenker’s fixation and paraffin embedding and stained with 
carbol-fuchsin as well as haematoxylin and eosin). 

As an example of one of the experiments performed with tuberculously 
infected tissues several groups of dogs and rabbits were given intravenous 
injections of 1.0 and 0.01 mgm. of virulent human tubercle bacilli and at 
intervals of 1 and 3 days, 2 weeks, 1 month and 6 months, some of the 
animals were killed, the lung, liver, spleen and kidney were removed 
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aseptically and the organs cut into small blocks about 1 to 2 mm. thick 
and approximately 0.5 to 1 cm. in length and width. The small cut 
blocks of tissue were then placed in about an equal volume of 6 per cent 
sulphuric acid and put in the incubator at 37°C. for 30 minutes, being 
shaken at 5-minute intervals to aid penetration of the sulphuric acid into 
the blocks of tissue. The small blocks of tissue assumed a pale whitish 
scorched appearance after this treatment and were then diluted with at 
least ten to fifteen volumes of sterile sodium-chloride solution, in which 


Fic. 1. Culture on crystal violet-potato cylinder medium, after incubating for forty days 
at 37°C., obtained from a small block of liver from a dog given an intravenous injection of 1 
mgm. of virulent human tubercle bacilli, one week prior to immediate planting following 
treatment with an equal volume of 6 per cent sulphuric acid and saline washing. Note tend- 
ency of the potato medium to counteract the formation or effect of the toxic tissue autolysates 
and the profuse growth on the medium as compared to that on the tissue. 


they were permitted to remain with occasional agitation for about 30 
minutes, after which the supernatant acid-sodium-chloride solution was 
carefully decanted. One specimen was then planted, as a whole, on to a 
crystal violet-potato cylinder tube, and another was placed in a small 
sterile bacteriological test-tube, and to it was added from 3 to 10 drops of 
sterile 6 per cent glycerol-water. The tubes were sealed with paraffined 
cotton and covered with tinfoil, and incubated and read at weekly inter- 
vals for macroscopic growth of tubercle bacilli, at which time a specimen 
was also taken to be examined microscopically for tubercle bacilli and to 
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be compared with a control section, which had not been treated with 
sulphuric acid or incubated but had immediately been fixed in Zenker’s 
solution. 

In brief, the results of this experiment were very definite, in that in no 
case did the tubercle bacilli grow macroscopically in the sulphuric-acid- 
treated tissues incubated with the glycerol-water, nor was there any in- 
crease of the bacilli noted microscopically in the carbol-fuchsin stained 
sections and which in haematoxylin-eosin stained sections revealed 


Fic. 2. A common result of planting blocks of even heavily infected tissues on crystal 
violet-potato medium. Growth from a block of splenic tissue, obtained from a rabbit ten 
minutes after the intravenous injection of a fine suspension containing 270 mgm. of virulent 
human tubercle bacilli, treated with an equal volume of 6 per cent sulphuric acid, washed 
with saline solution, and immediately placed on the medium and incubated for seven weeks. 


findings characteristic of autolysis in all the tissues studied (lung, liver, 
spleen and kidneys of the dogs and rabbits). A definite and fairly pro- 
nounced retardation in autolysis in all the blocks of sulphuric-acid 
treated tissue placed on the crystal violet-potato cylinder medium, as 
compared to identical tissues placed in glycerol-water alone, was ob- 
served in the haematoxylin-eosin stained sections. The blocks of sul- 
phuric-acid-treated tissues, however, placed upon the crystal violet- 
potato cylinder medium revealed a macroscopic growth of the tubercle 
bacilli most frequently upon the potato medium and at times over the 
block of tissue, but there appeared to be a definite difference between the 
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Fic. 4. Retardation of autolysis in small blocks of 6 per cent sulphuric-acid-treated tissues 
(lung) incubated at 37°C. on crystal violet-potato cylinder medium as compared to incuba- 
tion on 3 per cent glycerol saline. 

A: Control normal lung section immediately examined. 

B: Section after ten days on the potato medium at 37°C. Nuclei intact. 

C: Section after ten days on 3 per cent glycerol-saline solution. Note complete absence 

of nuclei. 

D: Section after sixty days on the potato medium at 37°C. Note persistence of stainable 
nuclei. 
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growth on the potato and on the tissue, in that the growth on the latter 
appeared to be retarded and less profuse if present. 

In order to note whether tissues from dogs and rabbits heavily laden 
with tubercle bacilli would also fail to grow after treatment with 6 per 
cent sulphuric acid and the addition of 6 per cent glycerol-water, during 
incubation at 37°C., tissue blocks were prepared as above from dogs and 
rabbits that had received about 30 mgm. of a fine suspension of virulent 
and avirulent human tubercle bacilli per pound body weight. This 
amount is usually just consistent with a short survival of the animal in 
the majority of cases. The tubercle bacilli contained in these blocks of 
tissues, whether lung, liver, spleen or kidney of the dogs or rabbits, also 
failed to reveal a growth of tubercle bacilli either macroscopically or 
microscopically, even if kept at incubator temperature (37°C.) for over 
three months. It is evident from these experiments that the autolytic 
processes in the blocks of infected tissues have produced tuberculotoxic 
substances in these tissues after incubation at 37°C., even after treat- 
ment of the tissues with 6 per cent sulphuric acid, since these tissues 
would not permit the growth of the tubercle bacilli in them even though 
supplied with glycerol, while, if placed immediately upon the potato 
medium and incubated, a good growth of tubercle bacilli was frequently 
obtained on this nutrient medium. 

The possibility that the tissues were lacking in the proper nutrients for 
the growth of the tubercle bacillus and that the growth on the potato 
cylinder may be accounted for to a certain extent by the dilution of the 
toxic autolytic tissue products on this medium suggested the following 
experiment with the organs (lung, liver, spleen and kidney) of normal 
dogs and rabbits which had received no injections of tubercle bacilli. 
The organs had been cut into small blocks, and part of them boiled for 
30 minutes to destroy the autolytic enzymes and part of them treated 
with 6 per cent sulphuric acid, washed with sterile saline solution, and 
specimens of each placed in sterile tubes (4 x 0.5 inch bacteriological) 
filled about two-thirds with sterile cotton soaked with a mixture of equal 
amounts sterile 6 per cent glycerol-water and 0.9 per cent sodium-chloride 
solution (about 2 to 4 cc. being used in each tube), and then each speci- 
men of tissue being seeded with a fine suspension of virulent human 
tubercle bacilli so that a series of graded seedings would result. As 
controls, tubes of crystal violet-potato cylinder medium were also seeded 
with a few drops of suspensions of virulent human tubercle bacilli, con- 
taining 10, 1.0, 0.01 and 0.000,1 mgm. of bacilli per cubic centimetre. 
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At intervals of 3 days, 10 days, 1 month, 2 months and three months after 
incubation one of the specimen blocks of tissues in each set was trans- 
ferred to a fresh tube of crystal violet-potato medium and kept in the 
incubator for 3 months, to note whether the tubercle bacilli planted on the 
tissues had suffered any perceptible changes in viability. The amount of 
growth obtained on the blocks of boiled tissue with graded seedings would 
also serve to indicate the nutrient properties of the tissue as compared 


TABLE 1 


The growth of virulent human tubercle bacilli on boiled tissues of the dog, with 3 per cent glycerol, 
compared with growth on crystal violet-potato cylinder medium* 


SEEDED WITH A FEW DROPS OF A SUSPENSION OF VIRULENT HUMAN 
TUBERCLE BACILLI CONTAINING PER CUBIC CENTIMETRE 


—) 
= 
3 

a 
B 
on 


10 mgm. 1.0 mgm. 
TISSUE 


2 


fter 10 
days 
fter 20 
days 
After 10 
days 
fter 20 
days 
After 10 
days 
After 20 
days 
fter 
months 


4 
4 


| 


Control on crystal violet- 


0 


0 


* The results are recorded only for the tissues of the dog, and with slight variations the same 
findings were obtained with the tissues (lung, liver, spleen and kidney) of the rabbit. 

1 The readings are the grades of growth found on the tissues or potato medium after incu- 
bation and are the average readings of from 3 to 5 tubes for each tissue. The amount of 
growth is approximately indicated by the numeral, from 0, indicating no perceptible macro- 
scopic growth, to 4, indicating a profuse and heavy growth covering the entire medium. 

€Since no growth was obtained on the boiled tissues seeded with 0.000,1 mgm. of virulent 
human tubercle bacilli this column is omitted from the table. The control crystal violet- 
potato cylinder medium revealed no growth after 10 days, a growth = 1 after 20 days, and a 
growth = 4 after 2 months. 


to the potato medium used as control, while the large volume of the 3 
per cent glycerol-saline solution would serve to dilute the toxic tissue 
autolysates if such were possible, and the cotton would serve to keep the 
tissue in contact with the glycerol-saline solution as well as support it 
on top of the liquid with a maximum of air supply. 

The results of these studies are briefly recorded in table 1, which pre- 
sents the growth obtained on the boiled tissues and for comparison on 
the crystal violet-potato medium (none of the sulphuric-acid treated 
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tissues revealed growth even after three months’ incubation so this is not 
recorded in the table), and in table 2, which presents the results of trans- 
ferring the tissues from the 3 per cent glycerol-saline cotton tubes to a 
fresh tube of crystal violet-potato medium and incubating to determine 


TABLE 2 


The viability of virulent human tubercle bacilli planted on boiled and six per cent sul phuric-acid- 
treated tissues in 3 per cent gy-erol-saline solution after different periods of incubation at 37°C. 


PERIOD OF INCUBATION BEFORE BEING TRANSFERRED 
TO THE CRYSTAL VIOLET-POTATO MEDIUM 


AMOUNT OF 3 days 10 days 1 month os. 


SEEDING IN 
MILLIGRAMS 


Sul- Sul- 


Boiled | PhUtiC-| Boited | Phutic-| Boiled | Boiled 


treated treated§ 


t 


oot++ 


o+++4 
o+t+ 


10 
1.0 
0.01 
0.000,1 


10 
1.0 
0.01 
0.000, 1 


+ 
+ 
+ 


++4++ 4444 
++4++ 


| 


* This table represents a composite of the findings with the tissues of the dogs and rabbits. 

+ The growth on the crystal violet potato medium is recorded either as negative = 0 or 
as positive = +. 

§ Since the one-month and 2-month sulphuric-acid-treated tissues were also all negative 
these records were omitted from the tabulation. 


the presence of viable bacilli in the tissues at intervals after incubation on 
the tissues. 

It is evident from the results of the experiments recorded in tables 1 
and 2 that tubercle bacilli, when planted on the surface of small blocks of 
sterile normal tissues (lung, liver, spleen and kidney of dogs and rabbits), 
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treated with 6 per cent sulphuric acid, and placed in contact with a com- 
paratively large volume of fluid and ample supply of glycerol (3 per cent 
glycerol in saline solution on cotton), will not grow at incubator tempera- 
ture (37°C.) even with heavy seedings (10 mgm. per cubic centimetre 
suspensions) of bacilli, and that the bacilli are destroyed within ten days, 
an appreciable effect being noted within 3 days, as a result of development 
of thermostable toxic autolysates formed by these tissues. On the other 
hand, tubercle bacilli seeded under like conditions on boiled tissues, in 
which the autolytic enzymes have been destroyed by heating to 100°C. 
for 30 minutes, reveal macroscopic growth on these tissues when heavily 
seeded (with the 10 mgm. suspension, and less certainly so with the 1.0 
mgm. suspension) but not with lighter seeding (0.01 mgm. suspensions or 
less), being thus inferior to potato and egg media and equal to the syn- 
thetic nonprotein media (such as Long’s) and the ordinary laboratory 
5 per cent glycerol-broth-agar as nutrient for supporting the growth of 


tubercle bacilli. 


CONCLUSIONS 


The foregoing studies on the growth of tubercle bacilli in normal and 
pathological tissues have a practical bearing in that they offer an ex- 
planation for the inability of tubercle bacilli to grow directly upon tuber- 
culous tissues and excretions, such as sputum, 7” vitro at incubator tem- 
perature (37°C.); and in that they indicate the futility of trying to in- 
crease the number of bacilli by this means for diagnostic purposes without 
overcoming the fundamental obstacles to such increase in numbers, as 
well as in that they point out certain important precautions to be ob- 
served in the application of culture methods for diagnostic purposes. 
In the sulphuric acid-crystal violet-potato cylinder method previously 
recommended by us for diagnostic purposes, the thorough grinding or 
breaking up of. the tissues or pathological material was more or less 
empirically emphasized as well as a light well-distributed planting over 
a number of culture-tubes, which serves to bring, the bacilli in intimate 
contact with the potato medium. The present study emphasizes strict 
adherence to these directions and explains the inadvisability of too heavy 
planting of individual tubes of medium with the residues of sputa, tissues, 
etc., and presents the reasons for taking these precautions. This study 
also throws light upon some of the apparent discrepancies between the 
in vivo and in vitro growth of tubercle bacilli and stresses the importance of 
quantitative considerations in evaluating growth conditions in the body. 
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Any attempt to study zm vivo conditions in tuberculosis by i vitro meth- 
ods must take into consideration the possibility of the formation of 
toxic autolytic products for tubercle bacilli by the tissues under the con- 
ditions of the experiment and, if possible, must take measures to obviate 
their formation or overcome their action by appropriate neutralizing 
or counteracting procedures. 
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THE MODIFIED ARNETH AND THE SCHILLING BLOOD 
DIFFERENTIAL COUNTS IN TUBERCULOSIS 


A Comparison of Their Diagnostic and Prognostic Significance!.? 
H. I. SPECTOR 


The study of blood as an aid in the diagnosis of tuberculosis dates 
back to 1896, when A. M. Holmes (1) noted that a definite relation 
existed between the state of the nucleus and the patient’s resistance. 
Achard and Loeper (2) in 1900 found the mononuclears increased in 
human tuberculosis, while Ewing (3) in 1903 and Swan (4) in 1907 
concluded that in tuberculosis an absence of eosinophiles from the blood 
is often observed. 

Arneth (5) in 1904, however, first drew attention to the fact that the 
number of the lobes of nuclei in neutrophiles, although constant in 
health, was considerably altered in certain infectious diseases, especially 
in tuberculosis. His belief was that in its change from the myelocytic 
form, the nucleus of the polymorphonuclear is first indented, then bent, 
and at last lobulated. According to this view a cell with a simple round 
nucleus is younger than an indented one, and the latter is, in turn, younger 
than the true polymorphonuclear element. Arneth has pursued this 
line of thought further by contending that polymorphonuclear cells 
with only two lobes are younger than those with three, and so on. 

This interpretation of the age of the polymorphonuclears is not uni- 
versally accepted. Schilling (6) and Ponder and Piney (7) dissent from 
it, and state that the degree of segmentation of the nucleus bears no 
relation whatever to the age of the cell. 

Based on a study of the blood of 15 normal individuals, Arneth divided 
the neutrophilic polynuclears into five classes according to the number 
of nuclear segments they contained, and further complicated the formula 
by subdividing the five classes into cells having a round nucleus, a slightly 
indented one, a deeply indented one, a nucleus connected by loops, and 
one entirely separated. This latter refinement, however, has been shown 
to possess no practical value and has been ignored in this study. Arneth 


1 From the Department of Internal Medicine, St. Louis University, St. Louis, Missouri. 
2 Read before the Trudeau Club of St. Louis, Missouri, January 3, 1929. 
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attached great importance to the changes occurring in classes 1 and 2, 
and his index was the sum of these two found in counting a hundred cells. 
His normal formula is as follows: 


Index 
40 


Classes 1 3 2 3 5 
2 


5 35 41 

Arneth believed that tuberculosis could be diagnosed by an increase 
of the cells containing one and two nuclei, a condition which he termed 
a shifting to the left, the degree of the shift depending upon the severity 
of the infection. He laid great stress on the fact that the drift to the 
left is independent of the total number of leucocytes, since some individ- 
uals, while presenting a normal leucocyte count, may show a badly 
altered picture. 

Since the publication of his views, this method has been subjected to 
numerous Clinical investigations by men of repute in this country and 
abroad, and it may be stated, that, while there is a disagreement as to 
certain theoretical phases, such as the age of the cells, many observers 
have verified the fact that in infectious diseases, and particularly in 
active tuberculosis, there is a definite shift to the left. In a lengthy 
treatise Von Bonsdorff (8), who refers to 160 papers in his bibliography, 
agrees in the main with Arneth’s conclusions. 

In this country the method was extensively studied by Bushnell and 
Trenholtz (9), Minor and Ringer (10), Klebs and Klebs (11), and others, 
and was confirmed as far as the shift to the left is concerned. Bushnell 
and Trenholtz, after studying normal and tuberculous individuals, 
modified the Arneth method in establishing an arbitrary index by adding 
the left half of the blood picture, that is, classes 1, 2, and one-half of 
class 3. Their normal index was 67. 

Schilling, like Arneth, has contributed a great deal to the study of 
blood in infections. With other observers, he stated that the Arneth 
method was too complicated and too time-consuming to be of any prac- 
tical value. He, therefore, introduced a modification of Arneth’s 
method by counting 100 white cells of all types. His normal haemo- 
gram is as follows: 


Basophiles Eosinophiles Myelocytes Jugendliche Stabkernige Segmentkernige Lymphocytes Monocytes Total 


1 3 0 0 4 63 23 6 100 


This method differs from Arneth’s system in the fact that all the young 
neutrophiles, ordinarily grouped under class 1 of Arneth and consisting 


oo 
7 
4 
we 
in 
} 


MODIFIED ARNETH AND SCHILLING COUNTS 267 


of the myelocytes, the metamyelocytes or Schilling’s jugendliche cells, 
and the stabkernige cells, are grouped separately; while classes 2, 3, 4, 
and 5 of Arneth are listed under the heading of segmentkernige or seg- 

‘mented forms; the large and small lymphocytes are grouped under lym- 
phocytes, and the transitional, the kidney-shaped, and the mononu- 
clears are grouped under monocytes. 


A Granutlacy 


Basophile 


IC tach) 2? 28 Plesm 


*Monowten 


Fic. 1. UppER Row, EOsiNOPHILES; SECOND AND THIRD Rows, NEUTROPHILES; FOURTH 
Row, BASOpHILES; FirtH Row, LyMpHocyTes; SixtH Row, MonocyTEs 
Note: Cell 8, myeloblast; 10-11, myelocytes; 2-3 eosinophilic jugendliche; 12-15, neutro- 
philic jugendliche; 16, neutrophilic stabkernige; 17-20 neutrophilic segmentkernige. 


According to Schilling, the jugendliche forms and the stabkernige neu- 
trophiles are the most important cells in his count, and their proper 
recognition is essential. The nuclei of the former are slightly indented 
and may be either sausage-shaped, kidney-shaped, or bean-shaped, and 
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frequently contain nucleoli. These cells are usually seen in regenerative 
blood pictures. The stabkernige cells are neutrophiles with rod-shaped 
nuclei, conspicuous in degenerative blood pictures such as are encount- 
ered in tuberculosis. In severe infections both types are frequently 
seen. Figure 1, taken from Schilling’s book, Das Blutbild, illustrates 
the cells described above. 

The Schilling method has not been extensively studied in this country. 
Weiss (12) Niehaus (13), and Bredeck (14) have studied it and have 
found it of great aid in the detection of infection and of inestimable value 
in prognosis. 

It is the purpose of this paper to present a comparative study of these 
two tests as to their value in early diagnosis and prognosis. The tests 
were performed on four different groups of individuals as follows: A 
normal group of 10, a tuberculous group of 34, a nontuberculous group of 
32, and a contact group of 60. 


METHOD OF PROCEDURE 


The finger was cleaned with ether or alcohol, blood was taken and 
three thin slides were made. The Wright stain was used in all cases. 
At least two counts of the modified Arneth and the Schilling tests were 
made and the average of the two recorded. The latter was done first, 
counting 200 white cells of all types, and then additional neutrophiles 
were looked for until 200 neutrophiles had been counted for the modified 
Arneth count. Bushnell’s method of arriving at an index, that is, by 
adding classes 1, 2, and one-half of 3 was adopted, using the Arneth 
figures as follows: 


Classes Index 


1 
5 603 


When doubt existed as to the proper classification of a cell, the latter 
was usually grouped in the less significant class. Only those segments 
that were separated by a thin strand of nuclear substance were counted 
as separate. Although some trouble was experienced at first in properly 
classifying the cells, this difficulty was overcome largely with the im- 
provement in technique. 

A routine flat roentgenograph of the chest was taken in all cases ex- 
cept in the normal group. 
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NORMAL GROUP 


This group was composed of 10 individuals who had been in good health 
for the past five years. ‘The members of this group were known person- 
ally to the writer for a period of from one to seven years. Two counts 
with the modified Arneth and the Schilling methods were made on two 
different days at various times of the day. The average of the two 
counts was considered as the normal for the individual. The normal 
count was then determined by taking the average of the 10 counts. The 
results follow: 


TABLE 1 
Normal group 


Modified Arneth: 
Classes 
54 
Schilling: 
; B E Segm Lym Mo 
2 59 294 6 


Total Average Index 
100 57 


5 
2 


It will be noted that with the exception of the lymphocytes, which 
were a trifle higher than given by Schilling, the average normal count 
as obtained by the writer was closely similar to the counts given by 
Schilling and Arneth; for this reason the figures of these investigators 
were used as the standard of normal. 


TUBERCULOUS AND NONTUBERCULOUS GROUPS 


The tuberculous group consisted of private patients who had been 
under the writer’s personal observation for a period of from one week to 
five years. The blood of these patients, however, was studied, when 
possible, on an average of approximately every two months during the 
eighteen months’ period prior to the writing of this paper. 

Practically all of the nontuberculous cases were suffering from non- 
tuberculous pulmonary conditions, such as chronic bronchitis, bronchi- 
ectasis, lung abscesses, etc. All of these patients were seen in St. Mary’s 
Infirmary and Dispensary, a part of the St. Louis University Group of 
Hospitals. At least two counts were made with both methods and the 
average then taken. The results follow: 
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TABLE 2 
Tuberculous and nontuberculous group 


TUBERCULOUS GROUP | NONTUBERCULOUS GROUP 
(34) (32) 


Number 
of cases 


Number 


of cases Per cent 


Per cent 


Shift to the left with modified Arneth 23 eit 
Shift to the left with Schilling 17 50 15 
No shift with either test 11 32.3 10 


Lymphocytes 
Increased 16 47 14 

8 23.5 2 
10 29.5 16 


Monocytes 
Increased 59 
Decreased 20.5 
Unchanged 20.5 


Eosinophiles 
53 

26.5 
20.5 


68 69 


Table 2 indicates that a greater number of cases in both groups showed 
an infectious blood picture, and shifted to the left with the modified 
Arneth method than with the Schilling test. It should also be noted that 
a lymphomonocytosis is not particularly characteristic of tuberculosis, 
for it is seen as well in other chronic infectious diseases; hence it follows 
that the blood cannot be used as a diagnostic agent for the diagnosis of 
tuberculosis or any other specific disease. 

Table 3 shows that in the favorable group the lymphocytes and mono- 
cytes are increased and that the shift to the left with both tests is seen 
in 29 per cent of the cases* only, while in the unfavorable group the lym- 
phocytes are definitely diminished, the monocytes increased, the eosin- 
ophiles absent, and the shift to the left is 100 per cent.with both tests. 
It is obvious, therefore, that the tests are very valuable in prognosis and 
also helpful diagnostically as far as active infection is concerned. Here 
again a greater number of patients of the favorable group showed a shift 


* Every case that shows a shift with the Schilling method automatically shows a shift with 
the Arneth test. 


| | 270 
69 
47 
: 
44 
6 
18 56 
7 22 
7 22 
a 16 50 
25 
8 25 
Average Arneth 
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with the modified Arneth tests than with the Schilling, proving the greater 
degree of sensitiveness of the former test. 

These cases demonstrate the superiority of the modified Arneth test 
over the Schilling method as far as shifting is concerned. As the patient 
from the favorable group improved, there was a shift to the right, 


TABLE 3 
Tuberculous group, favorable and unfavorable 


FAVORABLE GROUP UNFAVORABLE GROUP 
(24) (10) 


Number 
of cases 


Number 


of cases Per cent 


Per cent 


11 
Moderately advanced 10 
Advanced 3 
Shift to left with Arneth 13 
Shift to left with Schilling 7 
No shift with either test 11 


Lymphocytes 
Increased 


Monocytes 
Increased 


100 
0 
0 


63.67 78.4 


especially seen in classes 2, 3, and 4, and a rise in lymphocytes and mono- 
cytes. It is obvious that with the Schilling method this shift would not 
have been detected. It is interesting further to note that while on May 
16, 1928, the Schilling test was normal, the Arneth still showed an in- 
fectious index. 

In the unfavorable case there was a marked shift to the left, a marked 
drop in the lymphocytes, an increase in monocytes and an absence of 
eosinophiles. 


46 0 0 
42 0 0 
12 10 100 
54 10 100 
29 10 100 
46 0 0 
0 0 8 80 
Eosinophiles 
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TABLE 4 
Showing the shifting of neutrophilic leucocytes in case from favorable and unfavorable groups 


Cases from favorable group (minimal tuberculosis): treatment started July 20, 1927: 
temperature 99.4°, pulse 96 


, 1 2 3 4 
Modified Arneth: Classes 7 
chilling: 0 7 


Blood on October 4, 1927 


Modified Arneth: Cl 2 & 
ae E M J 
Schilling: 2 0 0 7 


Blood on January 12, 1928: average temperature 98.4°, pulse 88: streaked sputum 
2 3 4 5 Index 


1 

odified Arneth: Classes 2 oH 35 15 1 664 
Schilling: B E M Seg 
illing: 7 0 0 0 9 53 30 8 


Blood on May 16, 1928: average temperature 98.6, pulse 82: gained 30 lbs. 
2 3 4 5 Index 


Modified Arneth: Classes 5 42 4 #12 1 67 
E M 


Seg Lym Mo 


Blood on November 14, 1928: patient on exercise 
2 Index 


1 
Modified Arneth: Cl _ _ 
tft rneth: Classes 4 26 


26 0 52 
ie Seg Lym Mo 
Schilling: 7 40 45 


Cases from unfavorable group (tuberculous pneumonia): Treatment started on February 28, 1928: 
temperature 103, pulse 120, respirations 28 


2 3 Index 


42 26 80 


B Lym Mo 
Schilling: — 
61 10 8 


Blood on March 2, 1928: temperature 104.6, pulse 156, respirations 38 
2 3 5 Index 


4 
«16 92 
ae B E M St Seg Lym Mo 
Schilling: — — 


Patient died March 3, 1928 


1 
‘Modified Arneth: Classes — 


Index 
| 0 75.5 
Lym Mo 
30 5 
EJ Index 
0 71 
Lym Mo 
| 36 10 
a 
Modified Arneth: Classes 
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CONTACT GROUP (60 PATIENTS) 


Eighteen of the 60 contacts studied were gathered from office practice, 
the remainder from the dispensary. 

The following routine was adopted in the study of contacts: The 
patient was questioned with the object of eliciting information of possible 
exposure to infection. Only those were included who gave an unmistake- 
able history of prolonged contact with open cases of tuberculosis. Fre- 
quently several members of the same family were examined; a family 
of four was included in this group. After a careful history as to com- 
plaints, a complete physical examination was made. If there were com- 
plaints leading one to suspect pathological processes elsewhere in the 
body, the patient was excluded from the group. Allof the contacts in this 
series had a negative chest examination as far as rales were concerned. 
Some few cases with positive X-rays but negative physical examinations 
are included in this group. The blood of contacts was studied before 
and after the intracutaneous administration of the reacting dose of 
tuberculin. 

The intracutaneous tuberculin test of Mantoux was used, taking the 
usual precautions to avoid infection. The initial dose administrated was 
1's of a mgm., and when no general reaction occurred 0.5 mgm. was 
given, followed at 48-hour intervals by 1, 2,5 and 10 mgm. The pa- 
tients were instructed to keep a record of all their symptoms which 
might develop during the period of the tests. Temperatures were taken 
every two hours when possible; however, this procedure was found to be 
impractical in the dispensary patients. When there was doubt as to the 
reaction, the test was either repeated or the patient was excluded from 
this series. 

At the completion of the test another physical examination was made 
and blood was again taken and studied as previously described. A 
history of malaise, fever, aching feeling all over the body, lack of appe- 
tite, disturbed digestion, increased cough, pains in chest, increased 
pulse and chilliness, was considered to be a manifestation of a general 
reaction. The local reactions seen in the forearm varied from 1 to 10 
inches in length. Some of the cases developed a severe lymphangitis 
and an enlargement of the axillary lymph nodes, the latter being seen 
in the severe reactions. The tuberculin used was Koch’s O.T. in stock 
dilutions, and was tested on known cases of tuberculosis before its ad- 
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ministration. When possible, several cases were given tuberculin at the 
same time, with the same dosage and with the same dilution. In this 
way, it is felt that the results were carefully safeguarded. The results 
are seen in tables 5 and 6. 


TABLE 5 ; 
Contact group (60 cases): showing shift to left before and after tuberculin 


BEFORE TUBERCULIN AFTER TUBERCULIN 


Number of 


cones Per cent 


Per cent 


Shift with modified Arneth 60 41 68 
Shift to left with Schilling 35 30 50 
No shift with either test 40 19 32 


TABLE 6 


Showing relationship of shift to the left, degree of reaction, and amount of tuberculin used in 
contact group 


NUMBER OF 
CASES 


Shift to left with both tests (30 cases): 
Reacted with local, general, and focal to 
Reacted with local and general to 
Reacted with local and general to 
Reacted with local and general to 
Reacted with local and general to 
Reacted with local only to 
No reaction to 


| 


Shift with Arneth alone (11 cases): 
Reacted with local and general to 
Reacted with local and general to 
Reacted with local and general to 
Reacted with local only to 
No reaction to 


No shift with both tests (19 cases): 
Reacted with local, general and focal to 
Reacted with local and general to 
Reacted with local and general to 
Reacted with local to 
No reaction to 


— 
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It is seen in table 5 that the modified Arneth test is apparently more 
sensitive in the detection of early infection, as proved by the tuberculin 
test. It is further seen that of the 15 cases that showed a shift with the 
Arneth but not with the Schilling test before tuberculin, nine shifted 
rather strongly with both tests after small amounts of tuberculin, 
inasmuch as every case which shifts with the Schilling test invariably 
shifts with the modified Arneth test. It is furthermore interesting to 
mention that five of the 9 cases presented indefinite but rather suspi- 
cious complaints; while 5 cases that did not shift with either test before 
tuberculin, shifted with the Arneth alone after tuberculin administration. 

As seen in table 6, 60 per cent of the cases that showed a shift to the 
left with both tests after tuberculin reacted with a local and general 
reaction to the smaller doses of tuberculin, three of the cases reacting 
with a focal reaction. However, a very interesting fact in this table is 
the observation that of 11 cases that shifted with Arneth alone after 
tuberculin, six, or 54 per cent, reacted with a local and general reaction 
to unusually small doses of tuberculin. 


SUMMARY 


In comparing the two tests, it is apparent that both methods have cer- 


tain advantages and disadvantages. The Arneth method gives one a 
better understanding of the shifting to the left in progressive infections, 
and to the right in retrogressive diseases. It is possible to recognize 
a beginning infection by noting a shift in classes 2, 3, and 4 without a 
change in class 1. It is evident that the Schilling method would fail to 
detect such an infection, especially in conditions characterized by 
lymphocytosis. 

On the other hand, Webb and Gilbert (15) and Morriss and Tan (16) 
have shown that the lymphocytes are an index of resistance, while Cun- 
ningham (17), whose experimental work has been recently corroborated 
clinically by Flinn (18), has shown that the monocytes are an index of 
the extent of the anatomical lesion. It follows, therefore, that the 
Schilling count is far superior in this respect to the modified Arneth 
test, and hence is of great prognostic significance, since it mirrors the 
battlefield and reflects the intensity of the fight. 


CONCLUSIONS 


1. The tuberculous and nontuberculous groups, as a whole, showed a 
shift to the left in most cases, with a tendency to a lymphomonocytosis; 
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hence a lymphomonocytosis is not particularly characteristic of tuber- 
culosis. 

2. In progressive tuberculosis there is a marked drop in the lympho- 
cytes, a rise in the monocytes, a disappearance of the eosinophiles, and a 
marked shift to the left; therefore, the prognosis in such a case is less 

favorable. 

3. In retrogressive disease, there is a shift to the right, best seen in 
the Arneth method, a rise in the lymphocytes and monocytes, and a 
reappearance of the eosinophiles; therefore, the prognosis in such a case 
is more favorable. 

4. The monocytes may be increased in active tuberculosis as well as in 
inactive disease. 

5. The Arneth count is superior to the Schilling test in so far as it can 
detect a shift to the left much earlier. 

6. The Schilling count is superior to the modified Arneth in so far as 
it gives one a better insight into the severity of the infection and into the 
resistance of the individual. 

7. Both methods are very valuable in estimating prognosis, and in de- 
tecting infections, and are far superior to the present much-used Ehrlich 
differential count. 

8. The modified Arneth and the Schilling counts, when used in con- 
junction with the tuberculin test, are of the greatest aid in the detection 
of manifest disease in tuberculosis contacts. 

9. When tuberculin produces a reaction, it has a tendency to cause a 
drop in the lymphocytes (frequently followed within 48 hours by a rise), 
an increase in the monocytes, and a shift to the left, the degree of shift- 
ing depending upon the sensitiveness of the individual to tuberculin and 
upon the severity of the infection; in other words, tuberculin produces 
temporarily a typical blood picture of active tuberculosis. 

10. Those who will use the modified Arneth and the Schilling tests 
merely as aids in addition to the usual methods of diagnosis will find 

them to be of extreme value. But those who expect to diagnose tuber- 
culosis or any other disease from a slide alone will be sadly disappointed. 


The writer wishes to acknowledge with thanks his indebtedness to Dr. G. O. Broun, Sister 
Ethelfrieda, Miss Morris, and the members of the roentgenological department of St. Mary’s 
Infirmary, for their valuable assistance in this work. 
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THE ULTRAVIOLET LIMIT IN SUNLIGHT 
With Some Biological Considerations Relative Thereto 


ARTHUR R. RIDDLE! 


In the application of light to various medical needs tremendous 
emphasis has been placed on the so called vital region of the spectrum, 
usually stated as extending from 2900 to 3200 Angstrom units. This 
region has come to be widely regarded as of almost specific efficacy, but 
there are few definitely experimental facts to support this assumption. 
Of these, the effectiveness in rickets is of first importance in clinical 
medicine; but there is no experimental evidence which would enable one 
to definitely say how important this region may be, for example, in those 
types of tuberculous lesions for which light is indicated. However, the 
best source of radiation is, by majority acknowledgment, the sun, other 
than for certain local treatments. Since the sun’s spectrum terminates, 
on the short wave-length side, in this so called vital region, which is at 
least antirachitic, it seems desirable that more definite information be 
available as to just where this termination is, and how it varies. This is 
the more important because of the difficulty of getting curative effects in 
rickets in the winter time in northerly latitudes. The work of Fleming 
(1) indicated that at Washington the solar ultraviolet was sufficient from 
December 12, 1927, to March 25, 1928, to promote normal calcification 
in rats confined under a glass, transmitting only in part the solar ultra- 
violet while the rats were on a rachitic diet. In the latitude of Toronto, 
however, Tisdall and Brown (2) report: 


The sun’s rays during December, January and February, in the latitude of 
Toronto produce a slight but definite anti-rachitic effect on rats fed on a 
rachitogenic diet; [and further] It would appear that the increase in the 
antirachitic effect of sunshine in March, April and May is due not so much to 
an increase in the amount of the ultra-violet rays of the length present in the 
sunshine in winter as to the presence of rays that are shorter than those found 
during the winter. 


1 The Hegeman Memorial Research Laboratory, Metropolitan Life Insurance Company 
Sanatorium, Mount McGregor, New York. 
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Strandberg (3) says, “In mountain districts in winter time, the sun does 
not radiate rays of shorter wave-length than 313 millimicrons.”’ Quite 
frequently in the literature and elsewhere one is given a very definite 
explanation of the falling off of antirachitic effects in winter, in northerly 
latitudes. It is that in winter the ultraviolet limit of solar radiation 
shifts so far toward the visible as to be almost or entirely outside the 
“vital” region. In some cases it has been stated that there is no ultra- 
violet at all in the winter time. 

On purely theoretical grounds it does not seem reasonable that such a 
marked variation between winter and summer limits should occur. 
There are several measurements of this limit, those by Dorno being the 
most frequently cited. While Dorno (4) gives tables covering the whole 
year it is a midsummer value which is usually quoted. 


EXPERIMENTAL OBJECTIVE AND PROCEDURE 


The objective of the work in this laboratory was to determine this 
limit once a month, for both clear and quite overcast days, so that one 
could get a picture of the yearly variation for both extremes of sky 
conditions; and to measure similarly the variation over the day, by 
means of hourly readings from sunrise to sunset, for clear and quite 
overcast days respectively, getting a set of two readings each month, as 
in the case for the yearly variation. In practice this was found to be 
not altogether feasible. A whole month would sometimes go by without 
containing one single day of uninterrupted sunshine, while many attempts 
to secure readings on days which opened with an overcast sky would be 
made useless on account of the sun breaking through later in the day. 

The readings were done from the attic of the Hegeman Memorial 
Research Laboratory at Mount McGregor, New York, approximately 
43° 12’ 30” north latitude, longitude 73° 45’ west, the elevation being 
given as 1,046 feet above sea level. 

A quartz spectrograph was placed with the slit pointing south, toward 
a magnesium-oxide reflecting surface, which gathered light from the 
northern sky. It seemed desirable to use this reading of sky-reflected 
sunlight rather than the direct sunlight reading, which could only be of 
service for the clear days. This is especially so, since so much thera- 
peutic work is being done with sky-reflected sunlight rather than with 
direct sunshine. The instrument was put out either overnight, or very 
shortly after sunrise, and taken in after sunset, whether the readings were 
to determine the shortest wave-length registering on the photographic 
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plate over the whole day or that during the hour-to-hour periods. On 
account of correlation of some of this work with other work requiring red 
sensitivity, the Wratten M plate was used. Development was with 
Eastman Kodak Formula D-11, dilution 1:1. Time of development 
was obtained from a time and temperature curve, plotted from Eastman 
Kodak sensitometric data. Details as to reading the plates need not be 
given here, other than to say that a Zeiss reading microscope was used in 
conjunction with a calibration curve accurately plotted from data ob- 
tained by photographing and reading known spectra. Readings of 
the solar spectra were then made, using as a datum line one of two very 
carefully determined points in that spectrum. 


RESULTS 


As before pointed out, many attempted readings were made useless 
for the purpose in mind, owing to instability of atmospheric conditions. 
The readings retained represent only a very small selection of the total 
number which were attempted to obtain ideal conditions, that is, 
records obtained on days either entirely clear or entirely overcast. 

For the purposes of this paper, it does not seem necessary to publish 
all the data. With the extreme variations known, and especially since 
these are comparatively small, the intermediate readings would serve no 
obviously useful purpose. 

For purposes of orientation figure 1 will serve. On this figure three 
vertical lines have been ruled, to indicate roughly certain spectral regions. 
Everything to the left of the first line is in the visible part of the spectrum, 
everything to the right being in the ultraviolet. The region between the 
second and third lines is the so called vital region, and is also similarly 
indicated in figures 2 and 3. Figure 1, spectrum 1, shows that of the 
mercury-arc; spectrum 2, the arc spectrum of “Therapeutic” “C” carbon; 
3, the solar spectrum; 4, the same after passing through window glass; 
while 5, 6 and 7, show the spectrum of “‘C” carbon, shown in spec- 
trum 2, after its radiation has passed through Quartzlite, Helioglass 
and Vitaglass respectively. 

It should be noted that the “‘vital’’ region is not fully covered by the 
solar spectrum, and that after passing through window glass there is no 
sunlight at all in this region. 

Figures 2 and 3 show the records for July 8, 1928, and December 15, 
1928, respectively, made to indicate the hourly variation over the day. 
The first solar spectrum in figure 3 is between a comparison mercury-arc 
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spectrum. The last reading, just before sunset, scarcely appears to 
reach the “vital’’ region. It actually does, but the reproduction does not 
show it. Nor does the reproduction show any of the fine structure and 
details at the extreme ultraviolet end of the solar spectra. These three 
figures were made as negatives, and thus have the same general appear- 
ance as the original spectrograms which were read. 

In chart 1 the first four lines, solid for clear sky and broken for overcast 
sky, represent the extent of the solar ultraviolet spectrum for clear and 
dull (quite overcast) days, as near the summer and winter solstices as 
possible, the corresponding wave-lengths being July 1, 1928, 2957 
Angstroms; June 20, 1928, 2957 Angstroms; December 25, 1927, 3026 
Angstroms; and December 29, 1927, 3049 Angstroms. A wave-length 
scale is given above, the visible and ultraviolet regions are shown, while 
the ‘‘vital’’ region is indicated by the line labelled vztal._ The same thing 
is shown over again below, with the scale magnified 10 times what it is 
above. Here the lines are entirely in the ultraviolet. It will be noted 
in the upper lines how little variation there is compared to the total 
ultraviolet, and in the lower lines that the limit for a totally overcast 
winter day on December 29, 1927, is altogether within the “‘vital” region. 
That the limit for clear and quite overcast days near the summer solstice 
is the same, is also striking. 

Chart 2 gives the variation of the ultraviolet, hour by hour, for July 8, 
1928, and December 15, 1928, and is plotted from data obtained by 
reading the original spectrograms reproduced in figures 2 and 3. For 
comparison of morning and afternoon readings, the spectra are labelled 
correspondingly. Thus —1 is the reading from 11 A.M. to 12 noon, and 
+1 for the hour from 12 noon to 1 P.M.; —5 gives the shortest wave-length 
registered from 7 A.M. to 8 A.M., while +5 gives that from 4 P.M. to 5 P.M. 
The influence of clouding over is shown in the afternoon readings for 
December 15, 1928. Notice that the last reading from 4 p.m. to dark, 
with mottled overcast sky, near the winter solstice, still shows radiation 
within the “vital” region. 

The limits given above must be taken to represent the shortest wave- 
lengths which impressed themselves on the photographic plate, and which 
impressions were capable of measurement, with no doubt existing as to 
the possibility of their being caused by fog or other extraneous causes. 
The spectra were measured to the limit of definite structure, although 
frequently the records showed indefinite deposits of silver slightly 
beyond the limit read. It should be borne in mind that any limits of 
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solar spectra are such as given by the experimental method used, and 
that more sensitive methods may subsequently push the limit a little 
further out in the ultraviolet. The slightly shorter wave-length reading 
of direct sunlight, as compared with that of reflected light from the sky, 
is probably a question largely of sensitivity, as the intensity falls off 
with such great rapidity in this region of the spectrum as we go to shorter 
wave-lengths. The readings here given are definitely conservative, and 
afford information that light, of wave-length at least as short as recorded, 
was getting through the earth’s atmosphere and being reflected from the 
sky. This, coupled with the relative seasonal and hourly variations, 
are the factors which this investigation set out to elucidate. 

It is quite probable that the recorded seasonal as well as the hourly 
differences are not really as large as they appear, on account of the in- 
ability of the photographic plate to integrate and record the very low 
intensities. In several places in the data one may observe apparent 
slight inconsistencies in the readings, especially in the hourly ones, to the 
extent of a few Angstroms difference. Miethe and Lehmann (5), in 
some readings which they made, point this out as very noticeably existing 
without obvious reason. At this location the power-house is situated 


approximately 900 feet south of the laboratory, while about 850 feet east 
constructional work was in progress on a new building. Both of these 
factors contributed some very little smoke to the atmosphere at times 
and, according to the vagaries of the wind, this may have had to do with 
the absorption, causing the slight variations noted. 


DISCUSSION 


From charts 1 and 2 it will be seen that at no time of the year, and for 
no atmospheric condition, is the limit outside the “vital” region. Neither 
is it outside this region at any hour of the day, under any atmospheric 
conditions, nor at any time of the year, other than for very short periods 
after sunrise and before sunset. The relatively small difference between 
this limit for summer and winter is to be noted, as well as the much 
smaller difference between bright and overcast days, under otherwise 
similar conditions, the summer all-day readings being identical. Tisdall 
and Brown (2) say, “The short ultra-violet rays are readily cut off by the 
smoke, dust and moisture in the atmosphere.” The present readings 
would suggest that moisture must be practically deleted from the triad 
of offenders, so far as any qualitative effect is concerned. 

The readings obtained in this laboratory are of definitely shorter 


ie 
3 
‘ 


286 ARTHUR R. RIDDLE 


wave-length than those given by Dorno, but more nearly like, though 
generally shorter than some of the all-day readings made in Chicago by 
Bundesen, Lemon, Falk, and Coade (6) from November, 1926, to May, 
1927. The Chicago smoke would probably account for the small general 
differences. Readings made of direct sunlight give shorter wave-lengths, 
the outstanding work in this field being that of Fabry and Buisson (7), 
who at the University of Marseilles, with very special instrumentation 
and experimental procedure, identified an iron line at 2898.4 Angstroms, 
tne last trace of photographic impression corresponding to the wave- 
length 2885. 

The question of the influence of altitude on this limit is debatable. 
Since the absorption of solar short wave-length radiation seems to be 
due to the belt of ozone, located approximately 40 kilometres or more 
above the earth’s surface, where the very short wave-length solar ultra- 
violet is absorbed by the oxygen, which process brings about the produc- 
tion of ozone, it is not reasonable to suppose that altitudes within the 
reach of man make much difference to this limit. The marked absorption 
of the atmosphere around this region is very striking. Fabry and Buis- 
son (7) show that, for wave-lengths 3143, 2997, 2922 and 2898, the relative 
intensities for the sun, outside the earth’s atmosphere, come out at 
155,000, 218,000, 145,000 and 45,000 respectively, while at the surface 
of the earth, when the sun is at the zenith, the corresponding values are 
about 22,400, 1320, 2.2 and 0.02. The experimental work upon which 
these results were based was done from May 13 to June 7. Cornu (8), 
by comparing readings made at Courtenay at 170 metres, and Ténériffe 
at 3700 metres, with different experimental apparatus in each case, and 
by different workers, concluded that the ultraviolet spectrum would 
extend by 10 Angstroms for approximately each 821 metres of altitude 
attained. Dember (9), using very different experimental methods from 
those usually employed, stated that the last action of the sun at 4560 
metres was 2800 Angstroms. This is nearly 100 Angstroms shorter than 
the measurements of Fabry and Buisson. The result is attributed to 
the supposed greater sensitivity of the method employed. The exten- 
sion is so great, however, that it should only be accepted with reservations 
until such time as it be confirmed. Miethe and Lehmann (5) found that, 
at localities having latitudes ranging from those of Berlin to Assuan in 
Egypt, and at heights ranging from 50 to 4560 metres there was practi- 
cally no variation in the limit. Wigand (10), using the instrument of 
the workers just quoted, ascended in a balloon to 9000 metres, and found 
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that the last trace of light recorded was at 2897 Angstroms. This value 
is very slightly less than the Miethe and Lehmann values. While the 
limit does not appear to vary with altitude to any appreciable degree, 
the intensity does vary, although accurate measurements are not yet 
available. 

The question of the variation due to latitude might be investigated with 
profit. Observations made at stations from the equator to higher 
latitudes, at noon in midsummer, in the same year, with exactly similar 
instrumentation and experimental procedure, would be of interest at 


least. 


THE BIOLOGICAL CONSIDERATIONS 


According to recent investigations on rickets, using sources other than 
sunlight, it would appear that the wave-lengths of maximum potency 
are just included at the extreme end of the summer solar spectrum. The 
relatively small shift in the winter is sufficient to eliminate this most 
potent part of the spectrum, but not sufficient to eliminate rays of 
definite though less intense antirachitic potency. Maughan (11) has 
concluded from recent experiments that the region of potency lies 
between 3130 Angstroms and 2650 Angstroms. Radiation shorter than 
2896 seems relatively weak, and radiation around 3130 seems to possess 
no curative value. Greatest potency seems to lie in the region of 2968 
Angstroms, which is very near the recorded limit reached by sky-reflected 
sunlight. 

The falling off of intensity in winter time would seem to be a bigger 
factor than the slight wave-length shift, in accounting for the decreased 
antirachitic potency. It is hoped to offer, later, quantitative work as to 
the variation of intensity in this spectral region. 

It has been assumed in many quarters that what wave-lengths are 
found necessary in rickets are likewise needed in tuberculosis. Carrying 
over these results from rickets into other clinical fields has been perhaps 
an unfortunate move, especially in view of the fact that in rickets very 
little work has been attempted on the difficult problem of finding the 
antirachitic response to light in the generally accepted antirachitic 
region alone, with no other wave-lengths present. Apart from rickets 
we have so little definite evidence as to just what spectral region is 
effective in clinical work where light is indicated. The stress placed on 
the “vital’’ region has caused considerable neglect of investigations as to 
the value of other parts of the solar spectrum. Until comparatively 
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recent time man has had sunlight as one of his environmental factors, to 
which most of his body has been exposed, and thus has evolved with, 
and adapted himself to, the distribution of radiant energy as it occurs in 
the solar spectrum. Therefore it would seem reasonable to suggest at 
least, that this distribution of radiant energy is, until we know to the 
contrary, the best to use in general therapy. Clinical experience every- 
where is more and more substantiating this viewpoint. O’Brien (12), at 
the twenty-fourth annual meeting of The National Tuberculosis Associa- 
tion, made some very pertinent observations along this line, and gave 
reasons why at least infrared, green and “vital” region ultraviolet seemed 
desirable, even if we have little definite evidence as to the value of the 
rest of the solar spectrum. 

Some recent investigations have given what it may be hoped is of the 
nature of an antidote for some of the present unfortunate dogmatism 
relative to light. In photosensitization an illustrative case (13) is that 
of a man in Paris, who for over 20 years responded to sunlight with an 
urticarial type of eruption. Exposure to a carbon-arc would do the 
same as sunshine, but in quicker time. Exposure, however, to both the 
mercury-arc in quartz and to infrared radiation failed to bring about 
the condition. Infrared on one end of the visible spectrum and ultra- 
violet on the other are either innocent of the offence, in which case the 
visible would seem guilty, or else the complete solar spectrum is necessary. 
This certainly challenges our concepts about the ultraviolet, in that this 
region is especially blamed when this particular response is brought about. 
Many other cases in photosensitization bring up equally obscure points. 
In animal experimentation the work of Brown (14) at the Rockefeller 
Institute with neon light constitutes another challenge to our current 
concepts. The neon light, when in crown glass, shows a good deal of 
energy in the red end of the spectrum, and then nothing of account until 
the few strong ultraviolet lines in the 3600 to 3350 region. Of three 
groups of rabbits, in light environments of neon light, filtered daylight 
and total darkness respectively, the rabbits in the neon light did best on 
many counts, such as gain in body-weight, growth of new hair on shaven 
places, etc. This light environment had no “‘vital”’ region in it at all, 
and had little in the visible other than the red and orange. Yet the 
rabbits did best with this. These two cases of photosensitization and 
work with neon light, respectively, are quoted as typical of a rapidly 
growing amount of experimental evidence to the effect that we know 
relatively next to nothing as to the physiological responses to light in 
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various spectral regions, and that, until sufficient of the evidence is 
available for rational interpretation, a greater respect should be had for 
the unknown factors which light may have, to produce physiological 
reactions both favorable and otherwise. It may prove to be that the 
“vital” region is of extreme and almost unique importance in all biologi- 
cal fields. But it cannot be said that there is enough experimental 
evidence available at present to establish the truth of this possibility. 
To believe that man would do better with a distribution of spectral energy 
similar to that according to which he evolved is at least more plausible. 
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THE REACTIONS OF THE TISSUES TO THE LIPOID 
FRACTIONS OF THE TUBERCLE BACILLUS 
STRAIN H37 


FLORENCE R. SABIN, C. A. DOAN ann C. E. FORKNER 


This report is a part of the plan for codperative research on tuber- 
culosis organized by the Research Committee of the National Tuber- 
culosis Association. We have received the different chemical fractions 
of the tubercle bacillus from Professor Treat B. Johnson and Dr. R. J. 
Anderson, of the Sterling Chemical Laboratory, Yale University, and 
have been testing them in the normal rabbit. In general, the toxic 
symptoms of the disease can be reproduced by the protein and the specific 
lesions by the lipoids. 

A general summary of the lipoidal substances classified according to 
their solubilities with an outline of their biological activity when intro- 
duced into the tissues is shown in table 1. In this report are included 
only the results obtained by introduction of the substances intraperi- 
toneally. This route has certain obvious advantages over the subcu- 
taneous route in any preliminary survey, on account of the ease with 
which reactions of the connective tissue may be studied supravitally in 
the omentum. We received the lipoid fractions from Dr. Anderson in 
four primary groups: the phosphatid, designated A-3, a purified wax and 
a soft wax, all of which were acetone-insoluble, and certain fatty acids 
derived from the acetone-soluble partition. The phosphatid and the 
fatty acids isolated from the various lipoid fractions have proved thus 
far to be the most interesting biologically. 

The biological activities of these substances, when introduced into 
the tissues, were studied on the basis of the known effects resulting from 
the injection of both living and dead tubercle bacilli. The immediate 
effect, within twenty-four hours, of injections of either living or dead 
tubercle bacilli is the calling of neutrophilic leucocytes from the blood- 
vessels to the tissues. Within the next twenty-four hours many of these 
leucocytes will have been phagocytized and disintegrated by clasmato- 
cytes. These two reactions are observed after the injection of each of 
the main fractions from the tubercle bacillus, protein, polysaccharide, 
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and lipoid, and after all of the products from the further analysis of the 
lipoidal substances, as shown in table 1. The effect, then, of the disin- 
tegration of large numbers of leucocytes is a part of every reaction. 
These two acute reactions, together with any general increase in fibro- 
blasts, fibrous tissue, and lymphocytes, will be considered as nonspecific, 
while the development of epithelioid cells, either diffusely or in tubercle- 
like masses, together with the presence of Langhans or rosette giant cells, 
will be considered as specific. Inasmuch as monocytes seem to give rise 
to the epithelioid cells, the preliminary increase in monocytes is a part of 
the specific response. No substances other than the lipoids, thus far 
tested from the tubercle bacillus, have given reactions in the tissues 
comparable to those found in the disease itself. All of these specific 
lesions produced chemically will be referred to as ‘tubercular tissue,” 
in contrast to the “tuberculous” lesions produced by the tubercle bacillus 
in the actual disease. 

All of the lipoid substances give a marked proliferative reaction in the 
connective tissues, which is in part specific and in part nonspecific. The 
reaction may belong to the so called foreign-body type. The phospho- 
lipin A-3 produces the most massive specific lesions. It was introduced 
in the form of a suspension in distilled water, the usual dose having been 
80 mgm. This represents the amount of the substance obtained from 
1.6 gm. of bacilli. The doses of all the other substances were propor- 
tional. The experiments may be analyzed in three groups: the acute 
reaction studied after one, two, and three injections; the definitive acute 
reaction, studied after seven to twelve injections; and the residual re- 
action, one, three, and five months after twelve injections. 

After the injection of tubercle bacilli, the development of epithelioid 
cells is not immediate, but begins somewhat later, varying with the organ 
involved; the epithelioid cells are preceded by an increase in monocytes. 
The same thing is true after the injection of the active lipoidal fractions. 
The phosphatid seems to be phagocytized immediately by all the cells of 
the milk spots, which appear in sections as cells highly vacuolated 
when the substances have been dissolved out in the process of dehydra- 
tion and embedding. By the fourth day, typical epithelioid cells appear 
and during the second week become the predominating elements. The 
lesions produced by twelve to fourteen intraperitoneal injections of the 
phospholipin are, for the most part, large and massive; in places, the 
epithelioid cells are so densely packed together as to leave little space for 
any other cells; again, they are more diffuse. The lesions may be of epi- 
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thelioid cells alone, of giant cells alone, or mixed. Caseation occurs in 
the lesions produced by the phosphatid, if by caseation be meant the dis- 
integration of epithelioid cells into a cheesy mass early infiltrated with 
leucocytes. The tissue is gradually absorbed, and by five months but 
little of the massive thickening of the definitive acute reaction remains. 
During the whole time of the experiment, the period of the development 
of the lesions and of their absorption, the animals show no symptoms 
whatever; there is no fever and no loss in weight. During the time of the 
injections, there are irregular showers of monocytes in the peripheral blood 
and a slight transient anaemia develops. 

After the phosphatid, interest centres on the unknown fatty acids desig- 
nated J to V in table 1. All of these fatty acids produced tubercular 
tissues, fatty acid I in the greatest amount. These acids, together with 
the purified wax and the soft wax, could not be given in water. The 
fatty acid I was tried alone, but its effect was too irritating for repeated 
doses, since a sterile peritonitis obscured the specific reaction. It was, 
therefore, necessary to find an oilasadilutingmenstruum. It is probable 
that no oil given repeatedly would prove inert; a pure mineral oil was 
found to give the least effect, but it gave, in repeated doses, a considerable 
increase in nonspecific connective-tissue cells, together with some in- 
crease in monocytes, occasional epithelioid cells, and giant cells of both 
types, the rosette form, and the so called foreign body giant cell. The 
lesions with fatty acid I were so marked that the minor effects of the 
mineral oil did not confuse the picture. With this acid, the lesions were 
markedly in the form of tubercles simulating closely those of the actual 
infection. 

The fatty acid II gave a very diffuse reaction; in the supravital tech- 
nique, the lesions were described as being small clumps of monocytes 
with some epithelioid cells in the groups and scattered giant cells. In 
sections, the tiny tubercle-like structures were exactly as seen in the living 
state, but they were so small that the tissue would be described as con- 
taining suggestive but atypical tuberculous lesions if found in the actual 
infection. The third fatty acid showed typical tubercle-like structures, 
intermediate in number between those from fatty acids I and II. 

The purified wax and fatty acid IV showed giant cells in much greater 
numbers than epithelioid cells; on the other hand, the soft wax and fatty 
acid V showed the reverse,—epithelioid cells in much greater numbers 
than giant cells. All four of these substances showed the lesions in very 
diffuse form rather than in tubercles. We do not yet know the signifi- 
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cance of the differences in the proportion of epithelioid cells and rosette 
giant cells. 

Special interest attaches to the fatty acids IV and V on account of their 
differences in optical activity. Fatty acid IV is optically less active than 
fatty acid V; the former produced in the gross much less reaction than the 
latter. The tissue from the fatty acid V shows the epithelioid cells in 
much more active division than from any of the other substances, though 
cell division has been a marked feature in all of the material. Fatty 
acids from the acetone-soluble partition, much more highly purified, 
are now available, and in preliminary tests an optically active form has 
produced about three times as great a reaction as the optically inactive 
form, and more of the specific tubercular tissue. 


THE INTERMEDIATE HISTOLOGY OF THE PRIMARY 
COMPLEX OF TUBERCULOSIS! 


ALLYN K. FOSTER, Jr. 


§ 


The primary complex of Ranke (1) consists of two components, of 
which the changes in the lymph nodes are genetically a lymphogenic 
metastasis of the primary infection or primary focus. Its significance 
has been stressed particularly by Ghon (2). The primary focus or periph- 
eral pole, and the regional lymph nodes or central pole, have been the 
points of concentration for histological study, whereas the intermediate 
lung tissue between the poles has not been often mentioned or studied. 
Few investigators have mentioned any gross lesions between the poles. 
The distance between the primary focus and the proximal lymph nodes 
varies in different cases, and a variable number of lymph nodes may be 
affected and still be included in the primary complex. It is possible that 
there may be changes in the lymphatics between the poles which could be 
seen microscopically, for it would seem logical to suppose that a lympho- 
genic spread of sometimes over three inches from the primary focus might 
leave some microscopic changes between the poles. 

An occasional reference, only, has been made to the presence of changes 
in thislocality. Because of the possible potentiality of small foci between 
the poles in relationship to ulcerative lesions or later outbreaks of tuber- 
culosis, Huebschmann has suggested that the intervening tissue should 
be studied, even though the two main lesions appear healed (3). This 
does not seem to have been frequently done. 

Accordingly, primary complexes, including the intermediate tissue, were 
studied histologically, particularly in the light of William Snow Miller’s 
studies on the lymphoid drainage of the lung (4). In order to do this, 
large sections of the lung tissue running from one pole to the other were 
studied in evenly spaced serial order, as described below. 

Five lungs containing what grossly appeared to be healed primary 
complexes were used in this study. Each supposed complex was dis- 
sected free from surrounding lung tissue, and enough substance left 

1From the Department of Pathology, University of Chicago. Abridged from a thesis 
submitted in partial fulfilment of the requirements for the degree of Master of Science. 
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on all sides, so that all the possible lymphatic channels from the peripheral 
lesion by way of the arterial, venous and bronchial lymphatics to the 
proximal lymph node were included. The mass thus obtained was fixed 
by passing it through a modified Kaiserling method of fixation. This 
piece was then cut at right angles to the axis of the two poles of the com- 
plex into blocks of 0.5 cm. thickness. In one series, no. II, these blocks 
were cut parallel to the axis between the two poles. The blocks of tissue 
were next put through successively more concentrated alcohols to abso- 
lute alcohol. Equal parts of absolute alcohol and ether came next, in 
which the blocks were allowed to remain for three to four days. Slow 
embedding in celloidin was carried out, and the blocks were next placed 
on specially made over-size hard rubber blocks and allowed to harden in 
choloroform, and then placed in 80 per cent alcohol until ready to cut. 

The sections were cut routinely at 20 micra thickness, but at some 
points in this process thicker sections were necessitated by the large size 
of the sections. However, it was possible to get several sections in some 
of the series about 10 micra thick. 

A section was cut as nearly as possible every 200 micra, but this stand- 
ard was not always possible to maintain. The sections were stained 
with haematoxylin and eosin, and mounted in serial order. 

Six hundred and forty sections were cut altogether from the five com- 
plexes, 187 sections from no. I, 88 from no. II, 145 from no. III, 93 from 
no. IV, and 127 from no. V. 

The arabic numerals in parenthesis in the descriptions below refer to 
the slide number, and have no exact relation to the number of sections, 
for often several cut sections were mounted on one slide. 

The study included a record of the following: (1) The extent and 
amount of encapsulation of both the tubercle, peripherally, and the 
lymph node proximally affected. (2) Any increase in the thickness of 
the lymphatics (venous, arterial and bronchial) between the poles of 
the complex. (3) The presence of extensions of tubercle-formation 
(healed, latent, active) near or between the poles. (4) Any lymphoid 
hyperplasia between the poles. (5) Coal pigmentation, and nontuber- 
culous sclerosis of the lymphatic vessels. 


SERIES I 


The first primary complex studied was taken from the body of L. J., 
female (colored), fifty years old, inmate of the Oak Forest Infirmary 
(Illinois), January 5,1928. The healed calcified primary complex was in 
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no way related to the clinical course or death, which was due to aortic 
endocarditis. 

The complex was located in the upper lobe of the right lung. The 
whole piece of lung tissue which was cut for study measured about 9 
cm. by 4 cm. by 3.5 cm., varying slightly at different points. The 
peripheral nodule of the complex was palpable about 3 mm. beneath 
the pleura on the anterior surface of the lobe on a horizontal line 9 cm. 
lateral from the hilum. The lymph-node involved was one of the 
bronchopulmonary nodes about 8.5 cm. from the peripheral tubercle. 
Both the lymph node and peripheral tubercle were calcified. 

The blocks were cut at right angles to the axis of the two poles. 


Summary of Microscopic Findings 


The primary focus or peripheral pole of the primary complex lies about 
8 cm. distal to the regionally affected lymph nodes. It consists of a nod- 
ule 5 mm. in diameter, which is made up of bone, bone-marrow, connec- 
tive tissue, calcium and lymphoid tissue, and is completely encapsulated. 

The proximal focus is a nodule with the same histological characteris- 
tics, and is present in a bronchopulmonary lymph node next to an artery. 

As the peripheral pole of the complex is traced through the sections 
mesially it fades into scar-tissue which runs between an artery, bronchiole 
and vein. This triad, artery, vein and bronchiole, can be traced all 
the way to the large bronchi and pulmonary vessels. This scar-tissue 
does not extend to either side as it runs between the vessels and bron- 
chiole. It is present in larger quantity than the connective tissue be- 
tween other bronchi and vessels at several points: from the primary 
focus to section (14), between (19) and (33), between (35) and (38) and 
between (44) and (53), at which level two or three small bony and hyaline 
tubercles are present in the connective tissue. At other points not men- 
tioned in these last sections the connective tissue between the bronchiole 
and vessels traced from the primary focus is no different from the connec- 
tive tissue which runs between any bronchiole and vessels of relatively 
the same size in the sections. As the bronchi approximate and the sec- 
tions approach the hilum (53 to 63), no more scarring of the peribronchial 
tissues is evident in one part of the sections than in another. A calcified 
mass is present in a bronchopulmonary lymph node before the proximal 
pole of the complex is reached, (70 to 73). No more scarring or tubercu- 
lous changes are present, (74 to 85) until the proximal pole of the complex 
is reached (86 to 91). It is also encapsulated, containing at its border 
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lymphoid cells, and, within, bone and bone-marrow, calcium salts and 
connective tissue. 

Throughout this entire complex the lymphatics stand out because of 
the presence of coal pigment in them. The presence of lymphoid folli- 
cles, which has been stressed by Miller, is noted at the usual locations 
throughout all the sections. Very few lymphoid follicles are present 
in this lung which are not anthracotic. This is true of the peribronchial 
and perivascular tissue traced from the peripheral pole mesially, as well 
as all other lymphatic channels. 

No lymph nodes are noted between the distal pole of the complex and 
the bronchopulmonary nodes comparatively near the hilum. One of the 
latter contains a nodule of tuberculous origin, as mentioned, and then 
several are free from tuberculous change before the proximal pole is 
reached. 


SERIES II 


The second supposed primary complex studied was taken from the 
body of J. C. E., male, fifty-five years of age, who died January 15, 1928, 
in the Illinois Central Hospital, Chicago, Illinois. Death as shown by 
the autopsy was the result of aortic endocarditis and unresolved pneu- 
monia. 

The supposed complex was located in the left lung, the peripheral lesion 
being a nodule about 1 cm. in diameter in the interlobar fissure near the 
margin of the upper lobe: enlarged lymph-nodes were palpable at the 
hilum. The piece of tissue removed included the upper portion of the 
lower lobe, a portion of the lower part of the upper lobe and the tissue 
intervening, all the way to the hilum lymph nodes. The individual 
blocks were cut parallel to a line between the nodule and the lymph nodes 
at the hilum. By chance in one block, cut from the large piece including 
the whole supposed complex, the nodule peripherally and the lymph 
nodes proximally, with the vessels and bronchi between, were all included 
in one block, so that it was thought that some sections would show the 
whole story from pole to pole. A block was cut from the original piece 
removed, on either side of the one just mentioned, and another for a con- 
trol, out of the line of drainage of the nodule and hilum. 


Summary of Microscopic Findings 


The lung is heavily deposited with coal pigment, and the scar-tissue 
around the lymphatics is prominent. 
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The one tuberculous hyalinized lymph-node out in the lung tissue is all 
that is found. No hilum tuberculosis whatsoever is noted. The 
bronchopulmonary lymph nodes are large, but not tuberculous. 


SERIES III 


The third primary complex studied was taken from the body of W. C., 
male, aged forty-five, who died January 31, 1928, of a skull-fracture. 
The clinical history was in no way relevant to this study. A primary 
complex was found in the left lung. 

It was located in the left lower lobe, the scar peripherally being in the 
pleura and the lymphoid nodule lying proximally in the interlobar 
fissure. Sections were cut at right angles to the poles of the complex. 


Summary of Microscopic Findings 


The tuberculous foci are not limited to the two nodules felt before the 
lung was sectioned. Beginning slightly distal to the peripheral nodule, 
there is a scar in the pleura extending into the lung tissue 1 cm., andalso 
an increase in amount of connective tissue around the lymphatics. 
On the inner end of this scar is the calcified nodule of tuberculosis which 
was palpated as the peripheral pole of the complex. The tubercle is well 
encapsulated and lies next to an artery and bronchiole (1-9). There isa 
hyaline nodule of tuberculosis, 1 mm. in diameter in the pleura, at the 
same level as that of the scar mentioned first (10). (11-60) The thick- 
ness of the lymphatics is prominent but not localized (62). There is a 
hyaline nodule of tuberculosis in the pleura, which is calcified in the centre 
(63). The pleura is thickened (65). (66-70) Another hyalinized 
tuberculous nodule is present in the pleura, as well as a hyaline encapsu- 
lated tubercle in a bronchial lymph node. There is also a mass of scar- 
tissue next to a lymph node in (68). (71-72) From the tubercle in the 
pleura there is a line of fibrous connective tissue 1 mm. wide extending 
into the lung tissue6mm. The calcified nodule in the lymph node fades 
into scar-tissue. (73) There is no obvious tuberculous scarring. In 
(74) there is another small calcified tubercle beneath the pleura, 0.5 mm. 
in diameter. The pleura is still thickened and is part of the interlobar 
fissure. (78-81) Calcified and hyalinized nodules in the peribronchial 
lymph nodes are prominent. 

The nodule in the interlobar fissure (74), on gross examination, was 
taken for the proximal pole of the complex, but, instead, all the peri- 
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bronchial lymph nodes nearer the hilum were in reality the secondary 
focus or region of lymphatic metastasis. 

One of the bronchial lymph nodes noted in the section is not tubercu- 
lous (64), though it is present between the poles of the complex. Another, 
between the poles, is tuberculous (67). In (68) there is some hyaline 
scarring next to a peribronchial lymph node, which is also between the 
poles of the complex nearer the hilum. 

The lymphoid channels and follicles, which are anthracotic all through 
the sections, correspond with the descriptions of Miller on the lymphatics 
of the lung, and show no other changes than have been mentioned already. 

It is important to note the many changes in the pleura near the com- 
plex, in this series. 


SERIES IV 


Through the courtesy of Dr. J. A. Bigler, the fourth primary complex 
studied was taken from the body L. M., female, aged three years, who died 
at the Children’s Memorial Hospital, Chicago. Death was due to diph- 
theria. An early primary complex was found in the lower lobe of the 
left lung. The peripheral nodule was anterior and about 1 cm. in diam- 


eter, on the lower mesial edge of the lower lobe, and the tuberculous 
proximal bronchopulmonary lymph nodes were found near the hilum just 
above the interlobar fissure between the upper and lower lobes. The 
whole lower lobe and part of the hilum were sectioned. 


Summary of the Microscopic Findings 


The sections begin at the superior portion of the lower lobe. The 
uppermost sections of lung contain the hilum, and caseous to hyaline- 
scarred peribronchial and pulmonary lymph nodes, (1 to5). A pulmo- 
nary lymph node is free from tuberculosis (6). The interlobar septa are 
more prominent mesially and anteriorly, as the sections are taken 
lower in the lung. The pleura is slightly thickened, (7 to 9). In the 
tissue from (10 to 12) in this section is a round hyaline nodule of tuber- 
culosis, which is calcified in the centre and is connected to the pleura by a 
strand of connective tissue. (11) Two bronchopulmonary lymph nodes 
are not tuberculous. The tubercle mentioned connects with two more 
rounded hyaline nodules lying in the lymphoid tissue along a bronchiole, 
and also from these points connects with the peripheral pole of the complex 
(14), which is a fibroplastic, partially encapsulated tubercle completely 
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filling a lymph node. As the centre of the large tubercle is reached, en- 
capsulation is more complete and calcification is prominent, but capilla- 
ries are very close to the tubercle and are not walled off from it (15 to 
24). In (17) bronchopulmonary lymph nodes in the centre of the section 
are not tuberculous. Club-like projections of connective tissue (contain- 
ing capillaries) from the main tubercle are prominent. The tubercle is 
present in section (38); no signs of reaction in the pleura are seen, though 
the peripheral pole of the complex lies adjacent to it (38 to 75). No 
changes referable to the complex exist from here on. 

The lymphatics of the lung in this series of sections are those which we 
should expect to find in a child’s lung, with very little lymphoid tissue 
and comparatively little anthracosis. The lymphatics are of the “open” 
type; that is, the interlobular septa are wide and often have a large lumen. 


SERIES V 


Through the coédperation of Dr. Bigler again, the fifth supposed pri- 
mary complex studied was obtained from the body of P. P., female, aged 
three years, who died at the Children’s Memorial Hospital, Chicago, of 
Pott’s disease, measles, and a cellulitis of the face. Several calcified 
nodules, 3 to 6 mm. in diameter, was seen in the right lung (and also 
nodules at the hilum and mediastinum) under the fluoroscope before death 
occurred, and these were verified by X-ray photographs of the lungs after 
death. The whole right lung was sectioned, inasmuch as it was an uncer- 
tainty as to whether any of the foci found could be considered the primary 
complex, and because it was thought that it would be an interesting study 
to make for a comparison with the other series studied. 


Summary of Microscopic Findings 


The sections are numbered from the upper lobe to the lower. There 
are two small fibroplastic tubercles at the junction of the upper and 
middle lobes (5) (6). The interlobar fissure and interlobular septa are 
prominent. There is a small deposit of calcium in one of the inter- 
lobular septa without encapsulation (7). The pleura is also thicker in 
some parts than in others. There are two fibrocaseous encapsulated 
tubercles next to broncial lymphoid tissues. There are no tubercles from 
sections (10 to 16). There is an encapsulated calcified peribronchial 
lymph node in (20). Several interlobular septa are irregularly thickened. 
There is a pin-point fibroplastic tubercle in the pleura of the interlobar 
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fissure (29), with calcified areas which are poorly encapsulated. Other 
tubercles are present through the rest of the lung. These are fibrocas- 
eous, fibroplastic, or calcified. ‘They are present in the hilum tissue, in 
the interlobular septa, and in.bronchiolar lymphoid tissue. Hyaline 
scarring with calcification is also present (41). The pleura is thicker in 
some areas. Lymphoid cells are usually found next to or surrounding all 
tuberculous changes in this series of sections. There is little anthracosis 
in this lung. The lung is similar to the one studied in series IV, in that 
it contains less lymphoid tissue than an adult’s, and is relatively free from 
anthracosis. The lymphatics here, too, correspond with the distribution 
and quantity mentioned by Miller in his studies on lung anatomy, except, 
of course, in the areas where definite tuberculosis and scarring is noted in 
the lymphatics or lymph nodes. 


DISCUSSION AND CONCLUSIONS 


In series I the gross diagnosis of a primary complex made by palpation 
was verified by histological examination. Though no suggestion of 
changes between the poles was found grossly, definite changes were found 
histologically between these points. These changes amounted to inter- 
mittent scarring along peribronchial and perivascular tissues, traceable 
from the distal pole, and definite hyaline and bony tubercles both in this 
peribronchial tissue and in bronchopulmonary lymph nodes. It is impor- 
tant to note that some of the bronchopulmonary nodes along the line of 
drainage between the poles escaped. 

In series II the gross diagnosis of a primary complex, based on palpa- 
tion, was not verified by histological examination. What was taken 
for the primary focus was a pulmonary lymph node of large size, filled 
with conglomerate hyaline tubercles. The regional lymph nodes at the 
hilum, which we thought would show the same changes of tuberculosis, 
were free from scarring or any tuberculous change. There is a possibility 
that the primary focus out in the pulmonary lymph node may in reality 
have been the region of lymphatic metastasis, and that a true primary 
focus existed further distal to this lymph node which was not discovered 
grossly. 

In the third primary complex, the histological picture again showed 
that our gross examination was incorrect. Histological examination 
revealed the true complex. The distal pole or primary focus, instead of 
being located in the pleura, was a well defined calcified tubercle a centi- 
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metre from the pleura in the lung tissue, connected with the pleura by a 
pleural scar. The proximal pole or regional lymphatic metastasis, in- 
stead of being located in a small pleural lymphoid nodule, as was thought, 
was found in many of the bronchopulmonary lymph nodes near the hilum. 
The nodule in the pleura, toward the hilum in the interlobar fissure, was 
an intermediate hyaline and calcified tubercle. In addition, several 
other small tubercles of the same type were found in the pleura. The 
pleura was scarred at different areas. There was no well-defined lym- 
phatic route traceable from the distal pole of the complex along the bron- 
chi or vessels. The perivascular and peribronchial connective tissue 
was quite prominent throughout the lung, however. It is probable that 
the lymphatic drainage from the primary focus took place through 
pleural channels as well as along the peribronchial lymphatics, for, 
as Miller has emphasized, narrow areas near the pleura may drain by 
either of these routes. There were two or three peribronchial lymph 
nodes which contained small nodules of healed tuberculosis, and some 
which were free from tuberculous scars between the hilum glands affected 
with tuberculosis and the primary focus; or, in other words, between 
the poles of the complex. 

In the fourth primary complex our gross diagnosis was verified by the 
microscopic findings. The primary focus was a nodule in a pulmonary 
lymph node near the pleura in the mesial side of the lower left lobe, and 
the proximal pole consisted of tuberculous bronchopulmonary lymph 
nodes near the hilum. One or two lymph nodes around the larger bron- 
chi between the poles were unaffected by tuberculous changes. In addi- 
tion, there was a definite traceable line of connective-tissue scarring, 
extending from the distal pole of the complex toward the hilum, in which 
definite tubercles were found, nearest the distal pole. These tubercles 
were hyalinized and the distal pole was caseous and calcified. There was 
also definite scarring between the poles. The pleura was not affected. 
It is most significant that in this case a primary tubercle in the lung 
substance, practically in contact with the pleura, did not drain into the 
latter or involve it in any way. This is in marked contrast to the find- 
ings in series III, where drainage into the pleura occurred from a primary 
focus 1 cm. beneath the pleura. 

In the fifth lung studied the histological picture bore out our belief 
that no true primary complex existed when we examined the lung grossly. 
The hilum lymph nodes were all calcified or caseous, and many tubercles 
of different ages were found in the lung, in the various lymphoid follicles, 
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in the interlobar fissures, in the interlobular septa and in the pleura. 
Most all of the tubercles in the lung were either in or next to lymphoid 
tissue. Some lymphoid tissue was free from tuberculous change. A 
localized primary complex did not exist in this case. In all probability 
many of the lesions were the result of haematogenous dissemination. It 
was impossible to tell whether in addition some represented a multiple 
primary inoculation. In view of this complexity the relation of the pul- 
monary tubercles to the tuberculous changes in the hilum could not be 
determined with certainty. 

The observation, in all our series, that some lymph nodes in the line of 
lymphatic drainage between the two poles of the complex may escape 
tuberculous affection is explained by Miller’s work, which points out that 
there are many anastomosing channels for lymphatic spread of tubercu- 
losis, and not one continuous chain of lymphatics running directly be- 
tween two points several centimeters apart (5). 
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ACUTE SUBAPICAL VERSUS INSIDIOUS APICAL 
TUBERCULOSIS! 


Pathogenesis and Clinical Significance 
BRUCE H. DOUGLAS anp MAX PINNER 


In a recent report from the Wm. H. Maybury Sanatorium (1) atten- 
tion was drawn to suddenly beginning forms of pulmonary tuberculosis. 
While both in the German and French literature the discussion of this 
topic has occupied a prominent place for the last few years, there had 
hardly been any mention of it in the English and American literature up 
to the time of our first communication. We attempted to show the 
important réle which cases with sudden onset and with infiltrative le- 
sions played. Following this report, we met with so many questions 
and criticisms that further explanations and a more precise formulation 
of our viewpoints seem indicated. 

In accordance with the continental authors quoted in our first paper, 
we stated, on the basis of our own observations, that the onset of clini- 
cally demonstrable pulmonary tuberculosis is frequently associated with 
suddenly appearing grippe-like symptoms, and that this symptomatology 
is apparently caused by a quickly developing infiltrative (bronchopneu- 
monic) lesion whose localization is most frequently in the infraclavicular 
region. We stated further that this initial lesion may rapidly progress 
to caseation and excavation and bronchogenic spread. The probable 
relation between these acute infiltrative foci and roentgenologically 
demonstrable nodular lesions in the apices was briefly discussed. 

The controversial views, both from the literature and private com- 
munication, will be discussed under different headings. 


I. DEFINITION 


Criticism has been advanced against an apparent attempt to subdi- 
vide the pathological and clinical entity “pulmonary tuberculosis’’ into 
various “types.” This tendency is obvious in some of the writings on 


1 From the Wm. H. Maybury Sanatorium (Detroit Municipal Tuberculosis Sanatorium), 
Northville, Michigan. 
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this topic. The most elaborate nomenclature in W. Neumann’s treatise 
(2), and particularly that in Redeker and Walter’s new book (3), are in 
variety reminiscent of Morton’s Phthisiologia with its eleven kinds in 
four degrees. It has been a human fallacy, since prescientific times, to 
assume that any phenomenon is understood and properly classified 
when it is given an apparently suitable name. On the other hand, 
scientific communication is impossible without the. aid of terms. 
Whether it is justifiable to use two terms where one had been deemed 
sufficient before, must depend entirely on the question whether each one 
carries enough distinct meaning to make the differentiation desirable 
and helpful. We believe we have shown that diagnostically, symptomat- 
ologically, prognostically and therapeutically, “acute subapical” and 
“insidious apical” tuberculosis are, indeed, so significantly different, 
that, for the matter of quicker understanding, their terminological differ- 
entiation is highly desirable. This does, of course, not mean a patho- 
genetic differentiation, especially since we know next to nothing about 
pathogenesis. Furthermore, we fully recognize “‘border-line’’ cases, 
whose classification may be impossible, and, finally, as will be pointed out 
later, the two clinical pictures may merge into each other, and one may 
develop from the other. When we speak of different clinical “types” of 
pulmonary tuberculosis, we aim at a dualistic diversion of the disease 
no more than did Osler in speaking of the abortive, the grave and the 
ambulatory forms of typhoid fever. The existing terminology for the 
lesions, or the clinical forms, in question, is highly unsatisfactory, not 
unified, incorrect and misleading; but this is true to some degree in a 
good many clinical, roentgenological and pathological terms applied to 
tuberculosis. We attempted, therefore, not to favor any of the existing 
terms (Assmann focus, primary infiltration, infraclavicular infiltration, 
prephthisical infiltration), but to use merely descriptive terms. 


II. RELATION OF ‘“‘ACUTE SUBAPICAL” FOCI TO PRIMARY FOCI 


Designating “acute subapical” foci, as a frequent incipient stage of 
clinical pulmonary tuberculosis, does not involve any judgment about 
the time of the primary infection. This must be stated clearly, since 
we have been misunderstood in this regard. In many patients with such 
acute lesions, the roentgen films bear witness to the fact that at some 
unknown time the patient had acquired his usual primary infection. 
An intrathoracic primary complex is quite frequently present without 
producing roentgenological evidence. Whether the acute pulmonary 
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infiltrations may occur in virgin soil, or whether they require an allergic 
territory for their development, is open to speculation. They have been 
interpreted as manifestations of Ranke’s hyperallergic secondary stage. 
But this matter of assigning certain types of lesions to definite allergic 
conditions lacks (in human pathology) almost all observable foundation. 
It is probably safe to assume that the infiltrative lesions in question are, 
as a rule, foci of reinfection and not primary lesions, since it has never 
been reported that they show the picture and course characteristic for 
primary lesions, namely, healing by calcification and ossification, and 
simultaneous involvement of regional lymph nodes. 


Ill. RELATION OF “‘ACUTE SUBAPICAL” FOCI TO APICAL FOCI 


Before entering into this discussion, let it be emphasized that we are 
here concerned with the clinical features of the question only. In our 
first paper we were careful to refrain from any roentgenological inter- 
pretation of lesions; we reported only clear-cut observational facts, such 
as involvement or no involvement of apical fields. It is necessary for 
a complete understanding to attempt a reasonable differentiation of 
roentgenological lesions in the apices. As Redeker (3) has pointed out, 


the apical fields may be the seat of the traditional nodular lesions and 
scars, of fresh or excavated acute infiltrations, of old isolated cavities 


and of primary foci. It would not be fair not to take the different 
potentialities of these lesions into account. Every apical lesion should 
be judged on its own merits. If it produces symptoms, which is not 
infrequently the case, the patient should be treated. If it is an evi- 
dently progressive lesion, it should not cause any other therapeutic indi- 
cation than would a similar lesion with different localization. We were 
in our first paper, and we are now concerned with apparently healed 
nodular foci and scars in the apices only, which do not give rise to defi- 
nite symptoms beyond those of phthisiophobia. For such lesions, fre- 
quently described as minimal tuberculosis or even as “incipient” tubercu- 
losis, we claim that they are not the forerunners of progressive pulmo- 
nary tuberculosis, not an incipient stage of this disease, and that the diag- 
nosis and treatment of such cases will not “‘prevent’’ progressive lesions. 
They must be considered as obsolete foci whose active stage has passed 
unnoticed. Our discussion is little concerned with the nosological sig- 
nificance of apical tuberculosis, but with the réle it may play in phthisio- 
genesis; and this we believe to be insignificant, because both statistical 
considerations and clinical observations teach that these apical foci are 
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either the end-result of an acute infiltrative process or scars of unno- 
ticed lesions. In any event, they are late and mostly obsolete processes 
and, in our observations, never recent and incipient ones. 

We have shown that of 105 patients with a sudden onset, 43 had un- 
involved apices. The frequency of this occurrence was greatest (66.7 
per cent) in a group of patients whose symptomatology was of a duration 
of not more than six months, and least (16.7 per cent) in a group of pa- 
tients having a symptomatology of more than five years. This clearly 
indicates that apical involvement occurs, at least in a certain number of 
patients, after some other parts of the lung have been involved. This 
late apical involvement may develop either by direct extension of sub- 
apical foci upward into the apical field, or by a slow fanning-up process, 
or by distant spread into the apex. Each one of these three processes 
can be observed in serial roentgenological examinations. But there is 
no doubt that not all apical lesions, by far, develop in such a way. The 
majority of the frequent isolated apical foci must originate in another 
manner. An isolated subapical acute infiltration may, by a process of 
fanning-up and fibrosis, be converted into an isolated apical nodule; 
one such example will be shown later. 

But all clinical evidence points to the assumption that most apical 
foci develop without clinical symptoms or with symptoms of very slight 
degree and insidious nature. Pathological and roentgenological evi- 
dence suggests that they are usually acquired in late childhood or adoles- 
cence; but, since isolated active apical lesions are found only in small 
numbers in any one age-group, it is likely that their stage of anatomical 
activity is brief. Their actual pathogenesis,—endogenous haematog- 
enous metastasis from the primary lesion or exogenous aerogenous 
superinfection,—is still a subject for theoretical debate. Not so their 
frequency. According to Aschoff (4), more than 90 per cent of all adults 
show, at autopsy, not only a primary complex, but evidence of reinfec- 
tions as well, the vast majority of these reinfection foci being found in the 
apical fields. It is evident, then, that not all actually existing apical 
foci, by far, can be demonstrated clinically or roentgenologically. In 
other words, primary foci and scarred apical reinfection foci are, as far 
as their frequency and their demonstrability in vivo are concerned, of 
nearly the same order. 

To disclose the possible relation between apical scars and progressive 
phthisis must be as difficult and as involved a task as to throw definite 
light on the relation of the latter and primary foci. One of the most 
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frequent objections to the concept, which considers acute infiltrative 
lesions as the inception of clinical pulmonary tuberculosis, is based 
on the claim that preceding the acute lesion an apical lesion has been 
present in all cases. This may be quite true, but for a clinical discussion 
this is as irrelevant as the statement that every patient with pulmonary 
tuberculosis has a primary lesion preceding his manifest disease. All 
possible pathogenetic relations granted (and they will be discussed later), 
it is obvious that, at the present stage of our knowledge, neither primary 
foci nor scarred reinfection foci have any discernible causative relation 
to progressive disease. It is the task of the clinician and roentgenologist 
to recognize the incipiency of manifest disease. It may be that some 
cases of pulmonary tuberculosis could be prevented, could they be recog- 
nized before manifest lesions occur. But it is evidently impossible to 
treat prophylactically upward of 90 per cent of all adults because of their 
having apical scars, demonstrable or not. Many so called prophylactic 
measures are but wasted efforts, because they are motivated by the un- 
attainable aim to diagnose the disease before it exists. To build up 
general health, to promote sound living conditions, is good preventive 
medicine; to tell a person that he is “threatened” by pulmonary tubercu- 
losis, and to treat him prophylactically, means either that actual disease 
has not been recognized, or it is a statement unsupported by facts and 
knowledge. 

We can, then, formulate our concept quite clearly; apical scars cannot 
be considered as the inception (or forerunner) of progressive pulmonary 
tuberculosis, no more than the primary foci; the true clinical incipiency 
of manifest disease is very frequently marked by the sudden appearance 
of infiltrative foci. In this precise sense, acute infiltrative lesions mark, 
in many cases, the true beginning of clinical pulmonary tuberculosis. 


IV. PATHOGENESIS AND PATHOLOGY OF “‘ACUTE SUBAPICAL”’ 
INFILTRATIONS 


Theoretically, the acute infiltrations may be produced by exogenous 
inhalation infection, by haematogenous spread from the primary focus 
or from reinfection foci (apical scars) if present, or by bronchogenic spread 
from apical foci. They have been explained, too, as acute circumfocal 
inflammations around an old focus, caused by reinfection or “auto- 
tuberculinization.” Each one of these possible mechanisms has its 
emphatic advocates; each theory has some circumstantial evidence to 
support it; none is convincing to the exclusion of other possibilities. The 
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clinical independence and the diagnostic significance of these acute in- 
filtrations is in no way limited by the admission that they may be caused 
by tubercle bacilli which have spread from an older apical lesion, at least 
not as long as we have no criteria to decide whether such an old lesion, at 
a given time, is in a stage in which it will spread or not. 

Aschoff (4) points out that reinfections occur (for reasons which have 

been explained in a variety of ways) most frequently in the apical region. 
If, however, the uppermost parts are already the seat of foci, reinfections 
will lodge in deeper parts. Loeschke (5) explains that bronchogenic 
seeding from apical lesions may be of finer or coarser grain; larger parti- 
cles are more likely to descend deeper because they presuppose for their 
mobilization entrance into larger bronchi. Larger seedings would well 
account for the stormier reaction at the site of lodgment. Aschofi’s 
studies, in accordance with Huebschmann’s (6), indicate that each focus 
of reinfection starts with an exudative phase, regardless of localization 
and size of reinfecting dose; all reinfection foci are pathogenetically 
alike, in that they all start as Friihinfilirate. Evidently, a good many of 
them remain so small as to cause no clinical symptoms; their final residua 
may later be found by the roentgenologist as dense apical foci, or by the 
pathologist as apical scars, Puhl foci, or healed tuberculous nodules 
anywhere in the lung tissue, or in the subpleural lymph nodes (clinically 
unnoticed abortive pulmonary tuberculosis). Only when for reasons in 
the response of the host or for reasons in the bacilli (dosage, virulence) 
the foci become so large as to produce clinical disease, are they the po- 
tential start of progressive pulmonary tuberculosis. But even then they 
may completely heal by resorption or fibrosis or both (clinically demon- 
strable abortive pulmonary tuberculosis). If, in an acute infiltrative lesion, 
caseation and excavation occur, the prerequisite for bronchogenic pro- 
pagation, progressive and destructive pulmonary disease is (potentially) 
established (frank (and always open) pulmonary tuberculosis). 

If one considers the facts reported in the continental literature, and if 
one omits personal opinions and theoretical interpretations, he will 
find that a fair amount of agreement exists between the authors support- 
ing the so called ‘new teaching” and those apparently refuting their 
claims. While the latter first asserted that acute infiltrations did not, 
or only very exceptionally occur at the onset of pulmonary tuberculosis, 
they state now,—having seen plentiful clinical and roentgenological 
evidence,—that the “‘real” beginning is in the apices after all, since older 
foci can be demonstrated in that location. But it is not wise to obscure 
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the difference between the traditional teaching and the newer knowledge. 
It is clear-cut and of great practical importance. According to tra- 
ditional teaching, insidious onset with chronic, insidious symptomatology 
and slow, gradual progression represent lesigns whose incipient stage 
required all the skill of clinicians and roentgenologists to discover; ac- 
cording to the ‘‘new teaching,” there is a sudden onset with (mostly) 
marked, though frequently misinterpreted symptoms, and progression 
characterized by acute exacerbations and periods of chronic intermissions, 
and with initial lesions whose roentgenological demonstration, at least, 
is no problem requiring specially refined technique. 

There has been a great deal of speculation as to the pathologico- 
anatomical nature of the incipient acute infiltration, since no pathological 
observations have been available as yet. But, if conclusions by analogy 
are at all permissible, it is safe to assume that the first demonstrable 
acute infiltration is in no essential way different from later ones. Any 
pathologist has seen many late acute infiltrations; few tuberculous 
patients come to autopsy who do not show them at various stages of 
development,—tuberculous bronchopneumonic foci, from the stage of 
gelatinous infiltration to caseation and excavation, with varying de- 
grees of reticulum or fibrous-tissue formation. There seems to be no 
good reason to expect anything else: after all, the incipient infiltration 
is not distinguishable from later ones by any other criterion but that of 


chronology. 


V. CLINICAL SIGNIFICANCE OF “ACUTE SUBAPICAL”’ FOCI 


In our first paper we discussed apical foci and acute infiltrative lesions, 
and nothing else. We refrained, as stated, from any interpretation, 
even when roentgenological evidence seemed to be obvious. These two 
limitations may have caused two misunderstandings. We did not mean 
to state that acute infiltrations are the only lesions which are found as the 
initial foci in pulmonary tuberculosis. We must repeat the statement, 
made at that time, that we have not seen a single series of films showing 
the slow apicocaudal progression of strictly apical foci without the inter- 
vention of acute infiltrations. But we well know cases whose first 
demonstrable lesions consisted of multiple small and apparently exuda- 
tive foci scattered more or less regularly throughout one or both pul- 
monic fields. Such lesions are probably pathogenetically different from 
the isolated acute infiltration; they suggest strongly a haematogenous 
origin; they show less tendency to extensive caseation; if they heal, 
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calcification plays a more important réle in them than in other lesions in 
adults, but the pathology of the individual early lesion is probably not 
different from that of the more massive isolated acute infiltration. We 
did not mention cases starting with a frank caseous pneumonia, a numeri- 
cally insignificant group. 

In our tabulation of 200 patients, we have 105 with acute onset; we 
have an additional 47 with an insidious onset but acute exacerbations at 
a later time. We are inclined to believe that, in all these 152 patients, 
acute infiltrations have played an important réle in the pathogenesis of 
the disease. The remaining 48 patients undoubtedly include some, 
who, pathologically and roentgenologically regarded, started with an 
acute infiltrative lesion, although their clinical picture did not betray 
any acute features. Only 21 of our patients had minimal lesions; it is a 
significant fact, not mentioned before, that only 6.7 per cent of patients 
with sudden onset had minimal lesions, while 21.3 per cent of patients 
with insidious course had minimal lesions. 

The statistical presentation based on mere observational facts neces- 
sarily distorts the picture somewhat. Patients whose actual disease is 
undoubtedly caused by acute infiltrative lesions may have an old apical 
involvement, or their acute lesion may have spread or extended into the 
apices; they may have started with insidious symptoms, as some pa- 
tients with anatomically acute lesions do; their acute onset may have been 
obscured by some chronic ailment preceding the onset of their pulmonary 
tuberculosis; each one of these possibilities would tend to minimize— 
in our statistical tables—the numerical preponderance of patients whose 
disease started with an acute infiltration. A logical interpretation of 
X-ray findings and of the clinical course shows convincingly that the 
majority of patients with progressive disease have gone through a stage 
of “acute infiltration.” If it could be admitted, then, that acute infil- 
trations are in a large number of patients the initially demonstrable 
lesions, it will be unnecessary to further discuss the clinical significance 
of this manifestation. Here is the point where both diagnostic and 
therapeutic efforts must be concentrated; and this is the period in the 
patient’s disease when his prognosis is virtually decided. 


VI. DIAGNOSIS OF ACUTE INFILTRATIONS AND OF APICAL LESIONS 


With all the study that has been given to the problem of early diagno- 
sis in pulmonary tuberculosis, it is still true that the vast majority of 
persons, found to have the disease, are suffering from it in an advanced 
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form. Our studies of the onset of pulmonary tuberculosis have revealed 
one reason for this condition, namely, that the acute manifestations of 

this disease go easily unrecognized and are apt to reach the far-advanced 

stage within a brief period. The onset, and even the acute excerbations, 

indicating further propagation, are looked upon by the sufferer himself 

as just a cold or possibly influenza, so that when symptoms are suffi- 

ciently severe to cause him to seek medical advice, the disease has become 

far advanced. This stage, as we have shown, can be reached very 

quickly. 

In order, then, to recognize this disease in its incipiency, it is wise to 
consider every unduly protracted cold, and every attack of grippe or 
influenza (especially when there is no epidemic) as a possible acute onset 
of pulmonary tuberculosis. 

A careful history should be taken to determine any family record of 
tuberculosis or any contact with fellow-workers or other intimates with 
this disease. 

The story of the present illness is that of an acute onset with catarrhal 
symptoms, accompanied by fever which persists for a few days, or pos- 
sibly a few weeks, and from which the patient may have made a fair 
recovery. If the condition remains unrecognized at that time, it may, 
months later, be again manifested by an acute exacerbation with similar 
symptoms, which usually does not result in even a fair recovery inasmuch 
as it marks a spread of the disease. At the onset, there may or may not 
be cough. When cough is present, it may not produce any expectora- 
tion, although at times, for a short period, there will be a small amount 
of sputum. There is no loss in weight, and no fatigability other than 
that often seen with mild influenza. In fact, a few cases give no symp- 
toms of onset at all and, as such, may only be found by periodic examina- 
tion. The true condition is only to be vaguely suspected from the his- 
tory of the illness itself, and the suspicion is made stronger if there is a 
family history of tuberculosis or of protracted contact with the disease. 

Physical Findings: The physical examination is very unsatisfactory in 
these cases, the patient presenting the appearance of being subacutely 
ill with an upper respiratory disease, which, in some instances, may reveal 
the physical findings of a small lobular pneumonia. There may be a 
few signs of abnormality in the apices, but usually not more than a 
slightly altered resonance, increased breath-sounds and occasionally 
rales. These findings may extend well below the clavicle or even into 
the midlung area anteriorly and posteriorly, the moist rales and bron- 
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chial quality of the breathing being more apt to be found at the lower 
levels. However, the physical findings may very often be entirely lack- 
ing and at best are not reliable in the early stages, but later there may 
appear all the classical findings of a bronchopneumonia below the apex. 
When they are present, however, the disease is usually in an advanced 
form. 

The most valuable aid in recognizing these cases with acute onset is 
the X-ray. Indeed, we heartily agree with Webb (7) who, in a recent 
article, states that “Roentgen examination is the only method available 
for detecting early pulmonary tuberculosis.” In these cases the apex 
appears clear or is relatively free from an infiltration, while below the 
level of the clavicle or in the midlung region may be seen a quite dense 
shadow of varying size, suggestive of a pneumonic lesion. Older lesions 
may show a moth-eaten appearance or even a cavity of the thin-walled 
round or oval type. The impression from the picture is, as previously 
suggested, that of an exudative lesion of acute type. The films repro- 
duced here will serve to indicate, to any one studying chest films, that 
these are no unusual pictures but that they are seen, every day in the 
routine examinations for tuberculosis. 

The diagnostic aid of the laboratory consists chiefly of two procedures, 
—sputum examination and blood counts. Careful search will result in 
the demonstration of tubercle bacilli in practically every case of acute 
infiltration which is beginning to excavate, and sometimes before any 
evidence of excavation is available. It is found quite frequently that a 
patient with an isolated acute infiltration, even in the stage of excava- 
tion, does not cough much and does not produce any sputum. The fact 
is that some of these patients have not yet learned to expectorate; and 
a careful, patient instruction about the mechanism of expectoration and 
the danger of swallowing sputum may prove a more effective expector- 
ant in such cases than any mentioned in the pharmacopoea. 

Blood counts have, of course, no diagnostic significance. It is im- 
portant, however, to know the blood picture in these early lesions; it 
deviates markedly from that usually described as characteristic for early 
tuberculosis. The total white count is usually a high normal or is slightly 
above normal,—about 8,500 to 12,000. There is no lymphocytosis but 
a slight relative polymorphonuclear leucocytosis, and the neutrophilic 
count is usually 70 per cent or slightly more. Some few leucocytes may 
show toxic changes. It seems that a slight shifting to the left in the 
Schilling count is a constant and significant finding. The practical 


4 
a 
‘ 


ACUTE SUBAPICAL TUBERCULOSIS 315 


significance of haematological examinations becomes apparent in prog- 
nostic and therapeutic decisions. A relatively high total white count, 
a slight leucocytosis and a slight shifting to the left indicate a still un- 
stable and probably progressive lesion. Return to normal or a lympho- 
cytosis is usually associated with a lesion which is stationary or under- 
going fibrosis. With such considerations, blood pictures may help to 
establish the proper indication, but it should never be forgotten that a 
blood picture has no meaning beyond the time at which it was taken. 

Over against this picture of the acute subapical type must be set its 
counterpart, the chronic apical lesion, which, as previously intimated, is 
insidious in its onset, is seldom progressive, causes only slight symptoms, 
and may persist for many years with few manifestations of any sort. 
The physical findings, on which we have long prided ourselves, were 
those of early tuberculosis, namely slight impairment of apical resonance, 
slightly increased breath-sounds, and possibly a few fine rales, with no 
evidence of any moisture or any cavity-formation. The X-ray reveals 
a nodular lesion in the apex that appears productive in type. Serial 
pictures over long periods show little or no change in such lesions. 

The sputum, usually very scant in amount or absent, is frequently 
highly viscous, gelatinous, translucent, and practically colorless; its 
content of cells is very low. Tubercle bacilli are usually not demonstra- 
ble, but in serial examinations a few may be found at times. The blood 
count is either normal or it may indicate some slight secondary anaemia, 
associated with a moderate relative lymphocytosis and slight (if any) 
shifting to the right. 

The extent of the lesion, its pathologico-anatomical nature (exuda- 
tive and productive factors), the absence or presence of cavities, and local 
and general signs and symptoms of “activity” constitute traditionally 
the essential data for a complete diagnosis of pulmonary tuberculosis. 
On the basis of our studies one more point impresses the observer as 
being of high practical importance, particularly in regard to prognosis 
and therapeutic indication, namely, the time factor. Two lesions, pre- 
senting the same appearance in all diagnostic respects, are distinctly 
different in their potential developments if one has existed for twice as 
long a time as the other. Definite examples will help to explain the 
point and show the clinical significance. A localized infiltrated area, 
whose origin can be traced back over a period of months, represents 
(potentially) undoubtedly a more stable condition than one which has 
developed within the last two or three weeks. The latter is more likely 
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to show rapid changes, progressive or retrogressive. Exactly the same 
thing is true of cavities. The younger a given lesion is, the greater is 
the likelihood that it will show rapid progression or rapid retrogression. 
There is probably no other single factor which makes close and frequent 
observations more imperative than a brief duration of thelesion. Recent 
foci, more than any other ones, develop into “missed opportunities,” 
and they are frequently the objects of immediate aggressive therapy. 
All this applies equally to the first demonstrable acute infiltration as to 
any subsequent one, since the development of each new focus is the 
same,—rapid onset, and rapid development toward destruction or 
repair, followed by a period of lingering progression or retrogression. 
Pulmonary tuberculosis begins and advances by a series of acute “pneu- 
monias,” and the apparent chronicity of the disease is due to the inter- 
vening periods of partial repair and adaptation to the damage established 
by the acute phases. Diagnostic and therapeutic endeavors must be 
concentrated on the acute phases, as is done in epidemic meningitis, in 
polyomyelitis, and in appendicitis. 


VII. FURTHER DEVELOPMENTS OF ACUTE INFILTRATIONS 


According to clinical and roentgenological observations, the most 
important developments of acute infiltrations are as follows: 

1: Resorption: This may occur as long as the exudate is not caseated. 
Whether resorption of caseous material ever takes place is doubtful. 
Resorption may leave no demonstrable residue, or a small area of fibrosis 
may remain visible, indicating either an old tuberculous focus around 
which an exudative process has developed, or indicating the caseous 
and eventually fibrosed centre of the acute infiltration. Figures 1 and 2 
show resorption of an acute infiltration. 

2: Fibrosis: An acute infiltration may heal chiefly by fibrosis. Fig- 
ures 3 and 4 are reproduced as examples of this form of healing. 

3: Caseation and Excavation: This is probably the most frequent 
occurrence in clinically observed cases; in fact, it is quite rare to find le- 
sions in a sufficiently early stage of development before excavation has 
occurred. There are essentially two roentgenologically different types 
of cavities which are observed in acute infiltration: 1: The isolated round 
or oval cavity, either surrounded by dense infiltration or lying in appar- 
ently healthy lung tissue. This form has been described, as early as 
1910 by Rieder (8), as typical for incipient tuberculosis; it is commonly 
known in the German literature as Friihkaverne. (See figures 5, 7 and 9.) 
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Fic. 1. April 6, 1928. This film was taken a few days after the patient had suddenly developed symptoms resembling a slight cold and 
marked impairment of feeling of general well-being. Below the level of the second rib on the left there is an isolated infiltrative process of slight 
density, which fades out toward the normal density of the surrounding lung tissue; it measures 1 x 2.5cm. With the exception of a primary 
calcified lesion in the right middle field and of a few minute calcified nodules in the right apex, the lung appears normal. No physical signs 
uld he « . The temperature was slightly raised. The patient was kept immediately on strict bed-rest. There was no sputum at this time. 

Fic. 2. Same patient April 26, 1928. ‘Twenty days later the major part of the lesion has disappeared, leaving only a very small focus. Re- 
sorption, and later on fibrosis, progressed. During the process of resorption a carefully collected and very small specimen of sy} 


putum was found 
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Fic. 5. March 29, 1928. At the level of the second rib, on the right side, there is an oval area of rarefaction, measuring 3 cm. in its largest 
neter, The surrounding tissue is markedly infiltrated. 


Fic. 6. June 9,1928. Same case. ‘Ten wecks later the cavity is no longer visible. At the site of the former lesions are definitely stringy 
shadows, indicating beginning fibrosis. 
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2: In rather massive infiltrations the first evidence of cavitation is 
frequently represented by multiple ‘“moth-eaten” areas. (See figure 8.) 
They usually progress very rapidly and lead at times to lobar excava- 
tions, while the round cavity, although, too, subject to rapid changes, 
only rarely attains the size of the second form. 
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Fic. 7. This film is shown (1) to demonstrate acute infiltrative processes below the clav- 
icles without apical lesions; (2) as a typical example of an isolated oval cavity, as frequently 
seen in, or following, acute infiltrative foci; and (3) to demonstrate a characteristic broncho- 
genic propagation from a cavity into the middle portion of the contralateral lung. 


The most frequent spontaneous development following excavation si 
further spread; nothing more has to be added-to this occurrence. (See 
figures 7,9 and 10.) In some cases the round cavity disappears spon- 
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taneously, sometimes within a rather short time. Usually the seat of 
the former cavity is marked by a thin band of fibrosis. This occurrence 
is shown in figure 5 and 6, and 9 and 10. The former case demonstrates 
the fact that closure of a cavity may be associated with the progressive 
development of other lesions. 


Fic. 8. The right lung shows a tuberculous lesion, exudative in nature, reaching from the 
first to the fourth rib. The extreme apex does not show any involvement beyond pleural 
thickening. The central parts of the involved area show multiple, irregular, small areas of 
rarefaction. This patient had an acute onset six weeks before the film was taken. 


If the conclusions drawn from the statistical presentation in our first 
paper are correct, the following developments must be observable: 

1: The development of far-advanced lesions with cavitation within a 
period of six months. This is shown in figures 11 and 12. 
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Fic. 11. January 9, 1928. This film was taken at a routine examination of employees. 
The film does not show any evidence of pulmonary involvement. 
Fic. 12. April 27, 1928. Same case. 


The individual was in perfect health at this time. 


This film was taken 10 days after the patient suddenly fell ill with grippe-like “clone The 


of the s mn the left side are occupied by a wedge-shaped lesion of the exudative type. The centre of the 
shadow shows evidence of beginning cmnevaticn. The apices remain uninvolved. (Sputum positive for tubercle bacilli. 
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The entire lesion is much decreased in size, and 


There is much resorption of the perifocal exudate. 


small, rather dense (hbrotic) nodule. 


He. 
a 
a 
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The lesion appears to have migrated upward 


denser and more sharply defined. 
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2: The presence of acute infiltrative lesions in the infraclavicular 
region with perfectly clear apices. This is shown in figures 5, 7, 9 and 12. 

3: Apical involvement occurring some time after the appearance of 
subapical processes. ‘This is shown in figures 9 and 10, and 13 and 14. 


Fic. 15. Both apical fields show dense and hard shadows. The remainder of the lung 
fieldsisclear. This patient has had, for 19 years, the symptoms typical of “incipient tubercu- 
losis.” He has been under sanatorium care for years, and, as far back as our roentgenological 
records go, there has been no demonstrable change in his lesions. 


4: Apical tuberculosis, at times with marked but never suddenly 
beginning symptoms, and existing during a number of years without 
evidence of progression. An example of this is shown in figure 15. 


BS 
| 
> 
% 
2 
4 4 
4 
4 j 


BRUCE H. DOUGLAS AND MAX PINNER 


SUMMARY 


1. It is justifiable to attempt to differentiate infiltrative subapical 
and nodular apical tuberculosis. 

2. The clinical and roentgenological character of infiltrative subapical 
tuberculosis does not explain the nature of its beginning or its relation to 
the primary infection of the individual. 

3. The evidence points strongly to the conclusion ind nodular apical 
tuberculosis is not an incipient lesion but is a more or less benign process 
of long standing, but with little or no tendency to progress. 

4. The infiltrative subapical lesion, however, is usually of quite recent 
origin and is potentially more grave from the standpoint of progression 
of the disease. 

5. The pathologico-anatomical nature of these two types of lesion 
indicate the chronic apical one to be a nodular productive lesion whereas 
the infiltrative one is probably an acute exudative lesion (in other words 
a bronchopneumonia of tuberculous nature). 

6. Every effort must be directed toward early scum of the acute 
subapical type before progression to advanced disease has occurred. 

7. The diagnosis must rest upon. 

a. A history of acute onset and exposure. 

b. The presence or absence of physical findings in the lung. 
c. Radiograph of the lung. 

d. Painstaking examination of the sputum. 

8. Early diagnosis and early treatment is all important in the acute 
subapical lesion as the cases presented indicate. 
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DENTAL SERVICE AS AN AUXILIARY IN THE TREAT- 
MENT OF TUBERCULOSIS! 


HENRY W. GILLETT 


This subject has been assigned to me with the hope that I may be able 
to set before you certain aspects of dental service in a way that may help 
you in correlating them in the general treatment of tuberculosis. 

What I shall have to say will be grouped under the two headings, 
Nutrition and Foci of Infection. 


NUTRITION 


None of you will have any difficulty in connecting up this subject 
with the oral cavity, but I feel that many of you may not, without 
explanation, realize some of the points of relation between mouth-disease 
and nutrition. 

It is my understanding that the following sentence, “In tuberculosis 


there is higher caloric waste, the actual food requirements of the body 
are higher, there is increased desire for food,” is a plain statement of 
fact that will be accepted as such by all those who have experience in 
the treatment of tuberculosis. I have been supplied with several 
quotations as correlative with this general statement. The first four are 
taken from an article by Lawrason Brown in Osler’s “Modern Medicine,” 
volume iii, page 383. They are as follows: 


A patient who eats and digests well is a patient half cured. 

The teeth should receive careful attention, and be placed in order at once. 
Thekitchen is the only pharmacy some of these patients should know. 

In these long-continued infections, the best therapy aims to provide full 
caloric requirements, easily digested food. 


I should like to set before you my concept of what dental health- 
service relations to these four may be. With regard to the first one, 
“The patient who eats and digests well, isa patient half cured,” I want 
to ask those of you who have occasion to look into the mouths of the 

1 Read at a meeting of the Tuberculosis Sanatorium Conference of Metropolitan New 
York, 1929. 
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patients who present themselves at tuberculosis clinics and sanatoria, to 
recall for a moment the picture of what you have seen there. If you have 
not been in the habit of doing this, or if you have only been in the habit of 
thinking of the mouth as a place where a thermometer may be placed, 
and containing a tongue that can be extruded for your inspection, I ask 
you to make it your business to really look at the mouths of your next 
twenty patients of the poorer class, and to do it in this way: With the 
ordinary wooden tongue-depressor and the patient’s mouth well opened 
and well illuminated, hold aside the tongue and cheeks, and look for 
broken-down and decaying teeth, tartar and filth collected on all teeth, 
for congested and swollen gum tissue, and, when you see the latter, in 
some way bring to bear gentle pressure against it and see whether pus 
wells out from under the margin of the gum. In a large percentage of 
cases your inspection will reveal a revolting accumulation of filth and 
disease in the vestibule of the alimentary canal. You will find conditions 
that will convince you that those patients cannot possibly eat well or 
digest what they eat in such a way as to favor the optimum nutritional 
conditions they need so badly. To reach any other conclusion would 
mean need for discarding all that we know about the value of the par- 
ticipation of the mouth and those important anatomical elements, teeth 
and salivary glands, in the function of digestion, and all that we know 
about focal infection and about bacterial activity as a cause of disease. 

We shall refer to these conditions later on, and may leave them for the 
moment to turn to the next quotation: ‘The teeth should receive careful 
attention, and be placed in order at once.”’ There can be no exception 
taken to the soundness of this statement, but is it possible in most 
tuberculosis-clinic cases? The removal of teeth, so badly broken down 
or diseased that they are past being made useful, is always indicated 
where there is adequate dental service, but unfortunately this is not 
commonly provided. In the cases in which this part of the work can be 
cared for, the condition remaining after removal of the unsavable teeth 
is still a grave one. It rarely happens that the placing in order of 
remaining teeth that ought not to be sacrificed, or the supplying of sub- 
stitutes for those that must be removed in order to reduce the daily 
intake of virulent poison, is within the range of possibility for the poorer 
clinic and sanatorium patient. Without this attention, eating well or 
digesting well is out of the question. 

If the four quotations from sound authority mean anything, then all 
too often the need for and the possibility of prevention of mouth disease 


DENTAL SERVICE IN TUBERCULOSIS 329 


have not been stated early enough or forcefully enough, and the ways 
and means then made possible. Asa result, the doorway to the path back 
to health has been closed, double-locked, barricaded because of mis- 
information, paucity of information, incompetence or heedlessness. 

Well-informed dentists hold that at least 50 per cent, some of us think 
75 per cent, of all those revolting conditions, that you will see in the 
mouths that you examine in the manner I have specified, are preventable 
by the application of knowledge now known by or now available to the 
dental profession and to dental hygienists. 

The next two questions read: “The kitchen is the only pharmacy some 
of these patients should know,” and “In these long-continued infections, 
the best therapy aims to provide full caloric requirements, easily digested 
food.” 

What happens to that food in all too heavy a percentage of cases? 
It enters the alimentary tract through a vestibule so filled with filth that 
before it has passed down the fauces its uncleanliness is inexpressibly 
revolting. I cannot make this too emphatic, or too strongly impress 
upon you the fact that the condition of the mouths you will find in a 
heavy percentage of your tuberculous patients is such as to preclude all 
possibility of the patients realizing anything like the full value of the 
food so carefully selected and prepared. I believe that in many in- 
stances, under the present existing conditions, it would be better for the 
patient, if we could revamp the whole procedure and select for a diet any 
available foods that do not require insalivation in order to start digestion 
correctly, and have them so prepared as to avoid the need for tooth 
trituration, and then administer the mixture through a tube in sucha 
manner as to avoid contact with any part of the mouth and fauces. 
This, of course, is an absurdity, but it may serve to focus your attention 
on a condition loudly calling for relief. 

I now come to a quotation from Modern Methods of Treatment by Logan 
Clendening: “The interstices of the teeth and gums should be swabbed 
out with a pledget of cotton on an applicator, in order to remove pus or 
decomposing particles of food.”” Here is something calling for extended 
comment in order that you may understand more than appears to have 
been understood concerning the reasons for the presence of the pus 
referred to. Pus welling from the socket of a tooth has precisely the 
same significance that it has when oozing from a tonsil,—it means 
underlying disease. Do you, who have the care of tuberculosis patients, 
content yourselves with swabbing the surface of pus-saturated tonsils, 
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in those cases in which the patient has not passed beyond the stage of 
operative interference? Operative interference in the case of a diseased 
tooth is less formidable than in that of a diseased tonsil, and it should 
be found possible to either remove the tooth or to greatly reduce the 
disease at a considerably later stage in the history of the case than is 
feasible with a diseased tonsil. ‘The ulcerating areas around a tooth in 
an advanced state of so called pyorrhoea may sometimes be as much as a 
full square inch, and often it is half this. This may mean discharge of a 
teaspoonful of pus into the mouth daily, and often you will find five, 
ten, and even twenty such teeth in a‘single mouth. 

You are thinking, “What a disgusting statement !’’—but we are dealing 
with health and with lives,—with a neglected menace to both,—and I am 
convinced that nothing but plain speaking will serve adequately to bring 
home to you, who have this cause at heart, the vital need for effective and 
properly financed service. 

A moment ago I stated that pus welling from the socket of a tooth has 
precisely the same significance it has when oozing from a tonsil. Now, I 
want to broaden that, and state what is a platitude and is so self-evident 
that you will wonder why I mention it at all, namely, that a focus of 
infection about a tooth differs in no way in principle from a focus of 
similar size and virulence anywhere else in the system. This is a partial 
truth, and sound only until such time as the tooth in question becomes 
slightly loosened. Just as soon as this loosening happens the focus about 
the tooth begins to assume a menacing character far in excess of its 
comparative size and virulence. This is due to its anatomical surround- 
ings and the mechanics of its use in function. 

If, for the examination of your patients’ mouths, you will add to your 
armamentarium some means of testing the firmness of those teeth around 
which you discover pus oozing from the gum margins, you will find that 
many of them are loose. You can easily test this with so simple an 
appliance as an orange-wood polishing stick, a wooden nail cleaner, or a 
small forceps from your instrument case. You will find that many of 
these teeth are easily moved from side to side, and that a considerable 
percentage of them, when you apply pressure directly against the biting 
surfaces, can be moved vertically. Please consider with me what hap- 
pens to one of those pus-bathed tooth-roots and the surrounding tissue, 
when the tooth, having reached that stage of vertical movement, is used 
in the mastication of solid food. 

The reason for my statement that a pyorrhoetic tooth, having reached 
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the stage of vertical movement, assumes an increased menacing char- 
acter, is the following: The conically-shaped roots of teeth rest in bony 
sockets and are normally attached to these sockets by a ligamentous 
membrane, known as pericementum, which is similar in character and 
function to periosteum. When the disease commonly known as pyor- 
rhoea, although this is an unsatisfactory name for it, gains foothold, it 
promptly begins to destroy this attaching ligament, and the process is 
accompanied by the formation of pus. When the weakening of the attach- 
ment and the congestion in that part of the ligament that is still function- 
ing reach the point where the tooth can move vertically, we have the 
following physical condition :—a conical tooth-root resting in the remains 
of a conical socket, surrounded by inflamed vascular tissues, with pus 
occupying the pocket formed as the result of the detachment of the gum 
tissue from the tooth, and the pericementum from the tooth on one side 
and from the bony socket on the other. This pocket, being open to the 
fluids of the mouth, is a constant receptacle for particles of food that float 
in with those fluids and for the bacterial flora of the mouth. 

When the patient uses such teeth in the mastication of solid foods, the 
force exerted by the jaw muscles is measurable, and it is not an unfair 
figure, to adopt as the pressure exercised in the crushing of beefsteak or 
roast beef, that each time the patient bites into such food around 50 
Ibs. of pressure is applied. You all remember Gladstone’s dictum that 
each mouthful of steak ought to receive at least twenty masticatory 
efforts, but few of us use more than ten, and a great many people are 
content with something like five. 

Let us take this lowest figure in order to be sure to stay on the con- 
servative side, and see what we have in the way of pressure applied to our 
loose and vertically moving tooth. Five bites per piece of steak at 50 
Ibs. each is 250 lbs., and if our subject cuts his steak into ten pieces, we 
have a resultant figure of a ton and a quarter pressure applied to the loose 
teeth, to say nothing of what may be done with other foods at the same 
meal. 

A simple calculation for the three meals and the incidental setting of 
the jaw muscles, in the so called clenching of the teeth so common under 
the stresses of our complex life, must mean for different individuals a 
minimum of anywhere from two to five tons per day of pressure applied 
to these teeth. If you have followed the mental picture I have been 
trying to place before you, you will realize that this conical root, resting 
in tissue filled with engorged blood-vessels and lymphatics, and partially 
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supported by bone and partially surrounded with a pocket filled with 
filthy and infected secretions, and with heavy force being exerted in 
such a way as to drive the tooth root into the socket in which it stands, 
you are prepared for the statement that under these conditions it be- 
comes, in effect, a pestle pounding into a porous mortar, and that this 
force is compelling the surrounding infected fluid to migrate into the 
vascular tissues. 

Root-end foci are often associated with pyorrhoetic teeth, and, when 
this is the case, the confined septic material in the pulp-chamber and 
around the root-end is injected into the surrounding tissues every time 
force is exerted to drive the tooth into its socket. 

Surely I have said enough to convince you that for the weakened 
tuberculous patient the complete removal of the pathological condition, 
rather than swabbing of the gum surface on which pus accumulates, is 
the right remedy. 

Clendening is quoted as saying, ‘‘Patients should be taught that 
appetite is a luxury, not a necessity; they can eat without it.” It has 
frequently been demonstrated that the cleaning of an infected mouth and 
the establishment of oral cleanliness are ordinarily followed by the return 
of appetite, and, whether or not this be a luxury for the tuberculous 
patient is a question for decision by those who have the care of such 
patients. It would seem to me, as an observer, that the verdict implied 
in the quotation ought not to stand, provided the luxury of a clean mouth 
and, with it, the attainment of an appetite are feasible in any reasonable 
way. 

The dental viewpoint will always be that it is important to have food 
start its course down the alimentary tract in as wholesome a condition as 
possible, and that in order to favor the establishment of this condition, 
oral cleanliness should be effectively secured and maintained. I doubt 
if any of you will feel it good policy to condemn any sick person, who is 
combating an exhausting disease, to the fate of eating without appetite, 
but we do not need to rest our case merely on theoretical considerations. 
There are enough case reports available to demonstrate the truth of the 
statement that the cleaning up of filthy mouths for the weakened tuber- 
culosis patient is an important therapeutic step. I want to quote a 
single one from an institution where effective dental care was available: 


Patient J. P., age 19, referred to dental clinic by district nurse. Had been 
discharged from the county tuberculosis sanatorium, condition unimproved, 
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weak and unable to work. November 30, 1928: Patient reported at clinic for 
first visit. Mouth examination showed extremely foul oral condition, pene- 
trating dental caries affecting eighteen teeth, ten of which were entirely broken 
down and putrescent. Patient had never given any personal care to mouth, 
but complained that he could not chew because his teeth were sensitive, and 
frequently could not sleep because of toothache. The teeth were cleaned at 
this visit, and patient supplied with tooth-brush and instructed in oral hygiene. 
He promised to codperate. December 20 and 26, 1928: The patient had ten 
teeth removed. February 27, 1929: Reports great improvement. Has gained 
18 pounds and is returning to work. Appetite excellent and “feels fine.” 
Is having cavities in remaining teeth filled, and is keeping mouth clean by 


home care. 
FOCI OF INFECTION 


Much of what I have said, in commenting on the relations of pyorrhoea 
and root-end abscesses, might well have been left to be taken up under 
Foci of Infection. I take it that all of you will agree that the prognosis 
in tuberculosis is greatly influenced by the degree of resistance manifested 
by the patient, and also that foci of infection anywhere in the body will 
be a factor in reducing resistance. You donot tolerate, if you can help it, 
the existence of such foci, but, unfortunately, few sanatoria and clinics 
for the tuberculous are equipped to discover the existence of foci in the 
mouth. You have a definite and effective plan for nutrition, for the 
supply of pure air and for rest, but rarely provision for dental care. 

I hope I have said enough concerning the deleterious effects of the 
conditions to be found in the mouths of many of your patients to arouse 
you to the importance of dental care and mouth sanitation; to a conscious- 
ness that the removal of mouth foci and of general uncleanliness will 
improve the appetite, aid digestion, promote nutrition and greatly reduce 
the contamination of food, water and air intake, and reduce fatigue and 
lead to increased resistance. 

Unfortunately, tuberculosis sanatoria and clinics are rarely supplied 
with adequate dental service. I have before me a typical example in the 
report concerning a sanatorium accommodating 200 patients, with a 
medical staff of five full-time members. The scheduled dental service in 
this sanatorium is two half-days permonth. The dentist says that many 
of the patients are unable to either eat or sleep because of the condition 
of their teeth. I ask you, who are experts in the treatment of tuberculo- 
sis, if there is any treatment you can offer that will be effectual if nutrition 


and rest are impossible. 
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All the service that the dentist can offer in the sanatorium referred to 
is the removal of teeth. No means are supplied for improving the 
cleanliness of patients’ mouths, and there is no means for teaching such 
patients what they themselves can do to establish and maintain an 
improved condition. In this particular sanatorium, each forty patients 
have at their disposal all of the time of one physician, but the whole two 
hundred have available two half-days of dental service per month. This 
means that each fifty patients will have available two, or at most two and 
a half hours of dental service per month, or an average of less than five 
minutes for each one of them. Consider a moment how much your own 
dentist can do for you in five minutes. 

When we consider the number of new patients that must be admitted 
to tuberculosis sanatoria during the year, and the average condition of 
their mouths, it is my judgment that one dentist, working all of the time, 
will be unable to adequately care for 100 inmates per year, although he 
does nothing for them except clean up their mouths, relieve suffering, 
temporarily care for grossly diseased conditions and supply missing teeth 
to enable his patients to perform adequately the initial step of digestion. 

The Journal of the Outdoor Life published in February, 1926, an excel- 
lent article on the teeth of the tuberculous, by Dr. Wm. M. Gardner, 
resident dentist at Trudeau Sanatorium. He states that a routine 
examination of the mouths of 500 tuberculosis patients, most of whom 
were in the moderately advanced stage of the disease, showed that 90 
per cent had unhealthy gum conditions, ranging from a mild inflamma- 
tion of the gum tissues to a pyorrhoea so marked that the removal of all 
teeth was advisable.? 

I wish I could turn each one of you into a missionary to drive home to 
boards of control, advisory boards, and the medical staffs of all organiza- 
tions having in hand the treatment of the tuberculous, the truth of the 
statement made a moment ago:—that no other treatment that the 
sanatorium can offer is effectual if nutrition and rest are impossible, 
and that nutrition and rest are impossible in even a decent degree for a 
patient with a foul mouth or suffering from toothache. 


Reprints of Doctor Gardner’s article, which suggests measures for the care of the patient’s 
mouth while in the sanatorium, are available from the National Tuberculosis Association. 
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HYPOSULPHITE OF SODA IN SANOCRYSIN 
GIAN FRANCO CAPUANO! 


In the study of the mechanism of the action of sanocrysin in the treat- 
ment of pulmonary tuberculosis, one’s first thought naturally turns to 
the presence of gold. 

Such a way of thinking is justified by Koch’s experiments and his 
reports made in 1890 regarding the bacterial action which the double 
gold and potassium cyanide exerts on tubercle bacilli, inhibiting their 
development, sometimes even in a dilution of 1 in 2,000,000. From 
these experiments were originated those of Bruck and Gluck, which have 
demonstrated how the gold salts cause a curative action on animals, 
and also on man, as well as those of Feldt, who, continuing Koch’s 
experiments, arrived at the conclusion that the action inhibitive to the 
development of tubercle bacilli was a property of all gold salts, thus 
opening the way to the idea of experimenting as to which, among the 
various gold compositions, possessed par excellence the requisites of 
chemotherapic preparations, namely, that which at a minimum of toxic- 
ity had a maximum of therapeutic efficiency. It is necessary to attrib- 
ute to Mdllgaard’s researches the discovery of gold sulphate of soda, 
which stands out from all other gold salts in the therapy of pulmonary 
tuberculosis by reason of its minor toxicity (doses being equal) and its 
greater therapeutic effect, properties which are bound up with the physico- 
chemical properties of the preparation. 

From the first cases treated with gold-thiosulphate of soda I was 
surprised at the rapidity with which in certain patients modifications in 
stethacoustical findings were obtained. Damp and extensive zones of 
rales ought not to have disappeared in a few days; the suspicion even 
arose that sanocrysin did not act on the complaint, but that it merely 
had a strong decongesting action on the respiratory apparatus. It then 
being carefully observed that hyposulphite of soda exerts an elective 
action in foetid diseases of the respiratory system, the suspicion arose 
that the therapeutic action of sanocrysin depended on that effect which 


1 Bergamo, Italy. 
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TABLE 1 


PATIENT’S 
INITIALS 


POSOLOGY 


SECONDARY 
PHE- 
NOMENA 


C. M. 


G. R. 


T.G. 


R. A. 


Z. A. 


L. M. 


S. S. 


B. A. 


C. G. 


C.G., 


M. E. 


S. M. 


W. E. 


pr 2 


OY” 


zo 


BP 


0.25 cgm. on alternate days for 8 
to 10 days. 

0.25 cgm. on alternate days for 8 
to 10 days. 

0.25 cgm. on alternate days for 8 
to 10 days. 

0.25 cgm. on alternate days for 8 
to 10 days. 

0.25 cgm. on alternate days for 8 
to 10 days. 

0.25 cgm. on alternate days for 8 
to 10 days. 

0.25 cgm. on alternate days for 8 
to 10 days. 

0.25 cgm. on alternate days for 8 
to 10 days. 

0.25 cgm. on alternate days for 8 
to 10 days. 

0.25 cgm. on alternate days for 8 
to 10 days. 

0.25 cgm. on alternate days for 8 
to 10 days. 

0.25 cgm. on alternate days for 8 
to 10 days. 

cgm. 5-5-10-15-20-25-25-35- 
50-50 

cgm. 


cgm. 10-15-20-25*-30-25° 
cgm. 


cgm. 5-10°-20-10-20-25° 
cgm. 


cgm, 5-108-254-50? 
cgm. 
cgm, 
cgm. 
cgm, 5-10—15-202-25¢ 


cgm. 5-10-15-20-254 
cgm. 
cgm. 5-10-2025 
cgm. 5-107-204 
cgm. 5-104-207-25 
. 5-15-20-25 
. 5-10-25 


No change 


Subjective improve- 
ment 
No change 


Diminution of ex- 
pectoration 
No change 


No change 
No change 
No change 
No change 


Diminution in tem- 
perature 
No change 


No change 
No change 


Diminution of ex- 
pectoration 

No change 

Notable improve- 
ment 

No change 

Diminution in tem- 
perature 

No change 

No change 

No change 

No change 

Disappearance of 
temperature 

No change 

Fair improvement 

Rapid worsening 

No change 

No change 

No change 

No change 


None 


None 


None 


None 


None 


None 


None 


None 


None 


None 


None 


None 


None 


None 


None 
None 


None 
None 


None 
None 
None 
None 
None 


None 
None 
None 
None 
None 
None 
None 
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1| | 3rd 
2| | 2nd 
3 | MM | 2nd 
4| | 2nd 
5 | | 3rd 
6| | 3rd 
7| | 2nd 
8 | | 2nd 
9| | 2nd 

11 | mmm | 2nd 
| 12 | | 3rd 
| 13 | | 2nd 
14 3rd 
15 2nd 

16 2nd 

17 2nd 
18 2nd 
19 2nd 

20 2nd 

21 3rd 

22 2nd 

23 2nd 
1 24 2nd 
25 3rd 
26 3rd 
27 2nd 
28 3rd 
29 2nd 
30 2nd 


HYPOSULPHITE OF SODA 


TABLE 1—Concluded 


Nontuberculous diseases 


NUMBER | INITIALS DISEASE RESULT 
1 R. M. Putrid bronchitis No change 
2 C.R. Putrid bronchitis Slight improvement 
3 M. E. Putrid bronchitis No change 
4 L. R. Abscess of lung Cured (transitory albuminuria) 
5 F. D. Putrid bronchitis Initial improvement 
6 C. M. Abscess of lung Cured by cavity 
7 C..A. Empyema, abscess of lung No change 
8 B. G. Putrid bronchitis No change 


hyposulphite of soda would have upon the contaminating bacteria asso- 
ciated with Koch’s bacillus. I was well aware that Langénieux had 
treated pulmonary tuberculosis with hyposulphite of soda without result, 
but he was justified in thinking that the cause of his failure might have 
depended on the method of administration (by mouth) or on insufficient 
doses, while a more copious and prolonged intravenous administration 
might have produced better results. 

Starting with this conception and wishing to institute a parallel, and 
adhering as much as possible to the sanocrysin scheme of treatment, I 
submitted a number of patients to weekly injections of hyposulphite of 
soda in doses shown in table 1. The first twelve received different 
treatment: they were given, on alternate days, 0.25 cgm. of pure hypo- 
sulphite of soda, with an average total quantity of 2 gm. Neither evi- 
dent results nor secondary phenomena were obtained. 

Eighteen patients, chosen from among those who could not be supplied 
with gold salts, were treated by the second method. They all belonged 
to the 2nd and 3rd stages (Turban-Gerhardt). The treatment was ex- 
clusive and was instituted after all other therapeutic means (prolonged 
rest and artificial pneumothorax) had been tried in vain. 

In addition to these cases, hyposulphite of soda was administered to 
8 patients suffering from foetid infection of the lungs. These were 
treated in the same way, not in order to contribute to our knowledge of 
the action of hyposulphite in the treatment of tuberculosis, but solely 
for the study of secondary phenomena, that is, to see whether and to 
what extent in sanocrysin treatment secondary phenomena may be 
caused by it, and thus be attributable to it. 
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DISCUSSION 


The data in table 1 give rise to the following considerations: 

The general impression is that treatment with hyposulphite of soda 
does not appear to leave any sign of its action on the complaint, nor on 
any symptoms, nor does it cause secondary phenomena. 

In some cases the patient seems to have felt a subjective improvement 
in his general condition, and it has also been possible to record some 
improvement objectively, such as a diminishing of expectoration and of 
temperature, with similar findings in the stethacoustical phenomena; but 
their numerical insignificance cannot but warrant the assumption that 
such improvement was owing to the spontaneous course of the illness. 
Pulmonary tuberculosis follows a course that is too often capricious, 
with very frequent pauses and renewals, independent of any treatment. 
Thus, in examining the statistics of the results obtained by a therapeutic 
method, and in evaluating a few favorable improvements, it is always 
necessary to compare them with those which also usually take place 
spontaneously in cases left to themselves. In the subjects which I have 
placed under treatment I have not obtained such results (either in num- 
ber or importance) as to be able to maintain that hyposulphite exerts 
a curative action on pulmonary tuberculosis. 

I have been unable to ascertain any particularly notable evidence of 
any action, even in regard to slight disturbances or to isolated symptoms, 
such as coughing, sweating, fever, gastric disturbances, etc. Some 
tuberculosis patients believed that they noticed a subjective improve- 
ment in well-being, which they had not received from other treatment, 
but even in any evaluation of this it is necessary to take into account 
the vicissitudes of the spontaneous course of the disease, as well as sug- 
gestion, which may influence the spirits of a poor patient who finds her- 
self submitted to a new experiment in the midst of sick people and of 
nurses and doctors who observe her with particular interest. 

In general, the treatment has not produced any secondary phenomena. 
In one patient a notable indisposition was observed after each injection, 
but it was discovered to be owing to the adoption of an insufficiently pure 
salt, which is usually found on the market. When substituted by a 
chemically pure product (Kalbaum), the patient no longer felt any 
disturbances. A more interesting case was that of a patient suffering 
from abscess of the lungs, who was completely cured by hyposulphite of 
soda. During the treatment there was a fair but transitory albuminuria 
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which the doctor attending him judged to be due to the hyposulphite. 
This isolated fact, however, and comparison with other relatively numer- 
ous cases which have received much larger doses without ever having had 
albuminuria, lead us to suspect that it was due to some other inter- 
current cause, or to the suppurative infection itself. 

The results of my researches are therefore entirely negative, contrast- 
ing with Xalabarder’s (1) results, who affirms that he has treated pul- 
monary-tuberculosis patients with pure hyposulphite of soda, and ob- 
tained results and reactive phenomena identical with those of sanocrysin. 

My researches on this question can be divided into two parts. In the 
first I had the idea that the curative action of sanocrysin was perhaps 
attributable to hyposulphite of soda, and on the basis of this conception I 
submitted the first 12 patients to treatment, which was then suspended 
after having produced no results. In the second period, having full 
knowledge of the experiments and results obtained by Xalabarder, I 
continued my researches under the second scheme, adhering more to that 
of the sanocrysin treatment, but I did not get any results worthy of 
notice even in this second series. 

Even though admitting that hyposulphite of soda has not in itself 
and of itself any efficacy in pulmonary tuberculosis, one must not as- 
sume that its presence in gold-thiosulphate of soda is absolutely de- 
prived of importance. 

I believe that the part played by hyposulphite of soda in sanocrysin 
may be considered under two points of view, namely, (1) as contributing 
to the particular molecular and ionic construction of sanocrysin with the 
pharmacological characteristics derived therefrom, and (2) a disintoxi- 
cating action of the hyposulphite of soda on all poisons in general, and 
with particular regard to poisoning by heavy metals. 

The first possibility is without doubt the more important, and to give 
it its right prominence it is sufficient to recall the theoretical principles 
which guided Mdllgaard in his researches. The first point which Mdll- 
gaard took into consideration was that regarding the search for a com- 
position in which the gold was united in such a way as to be charged 
electronegatively, so as to be able to diffuse itself in those tuberculous 
zones which are deprived of blood-vessels, it being noted chemically 
that electronegative ions possess the ability to pass along the animal 
membranes in greater quantity and at a higher velocity than the electro- 
positive. The question is a most important one in the case of zones 
deprived of blood-vessels and in the case of the introduction of a foreign 
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substance which the body tends to eliminate rapidly; thus it is necessary 
that the diffusion be copious and rapid. “It is clearly understood,” 
writes Méllgaard (2) “that the question whether a chemical compound 
will be able to combine with the tubercular bacilli in the organism, is not 
only a question of affinity, but also one of quantity, of rapidity with 
which the substance decomposes in the organism, and of the rapidity with 
which it is able to reach the bacilli.” 

Another important point was that of the eventual release of free metal- 
lic ions (electropositive) as those which are able to exercise a toxic action 
on the organism; thus the desirability for the research of a composition 
in which the release of free metallic ions was nil, although this composi- 
tion were dissolved in the organism’s humors. 

In order to obtain very stable bodies, Méllgaard had recourse. to 
sulphur, the chemical affinity of this radical for gold being notable. In 
the preliminary researches it transpired, however, that a monovalent 
bond of sulphur with gold was not such as to give sufficient stability 
to. the complex derived; in fact metallic positive and therefore toxic 
ions are also generated in such compositions (in watery solutions). 

Investigating in which sulphur salts the gold was contained in stable 
form and in molecular groupings so as to form electronegative ions, 
Mollgaard arrived at gold-thiosulphate of soda, a composition which 
realized all the postulates of chemotherapy, which with a maximum of 
nosotropism would couple a minimum of organotropism. 

This is owing to the presence of the hyposulphuric radical. It is by 
this that it is possible to obtain a preparation of absolute stability, so 
that indeed it becomes decomposed neither by ferrosulphate, nor by 
sulphuric anhydride, nor by iodide of potassium, even at a temperature of 
100°C. Diluted mineral acids have no effect on gold-thiosulphate of 
soda at an ordinary temperature, the latter disappearing only when 
heated with pure nitric or hydrochloric acid, and the liquid solution of 
sanocrysin remains stable even when heated to 130°. Sunlight acts 
slowly on the watery solutions, determining the formation of a brown 
precipitate of gold sulphide (AueS,). The dry substance remains un- 
changed indefinitely: only after many months or some years does it 
develop a slight quantity of sulphuric anhydride. 

Thus bound to the hyposulphite radical, the gold in the composition 
does not cause that precipitating action on the proteins which is common 
to heavy metals. A solution of one per cent in human serum can be 
kept in a hot-box at 40°C. for 24 hours without any precipitation or 
browning. 
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An important characteristic of gold-thiosulphate in comparison with 
other gold salts (always owing to the hyposulphuric radical) is given it 
by the diffusibility and the electronegativity of the ion with which the 
metal is united. It has already been stated that the electronegative ions 
possess the characteristic of being very much more permeable in mem- 
branes and in animal tissues than electropositive ones (Ehrlich). More- 
over, the toxicity of the electronegative metallic ions is practically nil 
compared to the great toxicity of the electropositive. It is sufficient to 
think for a moment of the anatomical characteristics of the tubercle 
deprived of blood-vessels and therefore reachable only by diffusion; and 
of the necessity in chemotherapy of introducing relatively strong quanti- 
ties of metal, in order to understand the réle played by hyposulphite in 
sanocrysin; so that it is possible to affirm that, if the therapeutic action 
is due to the gold, the hyposulphite has the merit of making such an 
action possible. 

The réle of the two elements being so defined, I do not think that I 
can share Mollard’s point of view, according to which the gold alone 
does not possess any therapeutic potency, the point in question being 
whether the efficacy depends on this radical or on the whole molecule. 
I think I can affirm that clinical experiments have given a clear answer 
to this question, from the circumstance that the pure hyposulphite of 
soda does not cause the slightest therapeutic action on pulmonary tu- 
berculosis, compared to that of sanocrysin. (Mollard (3) records that in 
the past the sulphurous atmosphere of Sicilian sulphate mining was 
counselled as being therapeutically efficacious for consumptives.) 

However, the attempts of Trousseau and Pidoux to treat pulmonary 
tuberculosis with sulphur mineral waters produced no results, though the 
experiments of Arloing and Jourdanet (4) have shown a favorable ac- 
tion of certain mineral waters on the general nutrition of tuberculized 
guinea pigs. 

Against these results, however, there are other negative ones obtained 
not only by myself, as already explained, but also by other investigators. 
Langénieux (5) has insisted on the dangers of congestion which tubercu- 
lous subjects who take sulphur-water treatment are liable to, so that it 
can be allowed only to those suffering from a torpid form of tuberculosis. 

It is possible to ascribe to the action of the sulphur only that which is 
known at the clinic for respiratory diseases, that is, its antiseptic ac- 
tion on the common germs of the suppuration, the secretory action on 
the bronchopulmonary mucous membrane which is the basis of the’ sul- 
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phur treament advised to sufferers of chronic bronchitis. It is neces- 
sary to be extremely cautious in formulating categorical affirmations 
with regard to any action of sulphur on the pulmonary circulation. The 
technical difficulties inherent in such research and our knowledge of the 
vasolability of the circulatory pulmonary apparatus should induce great 
watchfulness and reserve, and lead us to value only categorically posi- 
tive experimental data. 

An influence of sulphur in its various forms on the respiratory rhythm 
has been established and described by Piery, Milhaud, Bonamour, 
Langénieux, as a tachypnoea followed afterward by a bradypnoea aug- 
mented by an increase of amplitude. 

Even the eventual injurious action of sulphur on tuberculosis has not 
been studied very greatly, although such investigations are desirable to 
our argument, to determine whether any related and secondary phe- 
nomena, which often take place during sanocrysin treatment, are im- 
putable to hyposulphite. 

Xalabarder has observed the following secondary disturbances: di- 
gestive upsets, a little sickness or vomiting up to an intense enteralgia, 
persistent and tenacious diarrhoea, anorexia, which obliged the suspen- 
sion of treatment of one of his patients. In 20 per cent of his cases he 
noted stomatitis in the form of painless acnes, pox and blisters. Cutane- 
ous signs appeared in 21 per cent, especially in the form of itching rashes 
of brief duration. One patient exhibited nettle-rash after each injection. 

In almost all the patients treated with injections of hyposulphite of 
soda slight albuminuria took place, with a maximum of 0.50 per thousand 
of albumin. Xalabarder treated four patients who had previously 
displayed signs of intense albuminuria, and in the course of treatment 
this diminished, in one case completely disappearing. In another case 
there was violent pleural reaction. 

On the other hand, I have not noted in the cases to which I have re- 
ferred any secondary phenomena, with the exception of a slight transi- 
tory albuminuria observed in a patient suffering from a putrid infection 
of the left lung. It is certainly not possible to exclude the possibility 
that this was in direct dependence on the pulmonary disease itself, and a 
single case of this kind cannot establish sufficient evidence that hypo- 
sulphite by itself may cause albuminuria. Also more categorically I 
think that hyposulphite of soda can be excluded from the causes which 
determine dermatitis, as Xalabarder would, on the other hand, maintain. 

Such an affirmation will (when one remembers that hyposulphite 
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of soda is used, and has been for some time, in dermatology) appear still 
more strange because of the rapid treatment and the brilliant cures which 
are obtained by it in stomatitis caused by heavy metals (bismuth and 
mercury) and in salvarsan rash. 

Ravaut used this treatment in certain dermatoses, such as erythemata, 
nettle-rash, exanthemata, taking advantage of its characteristic of 
being eliminated through the skin. Goltjerd and Hansen cured a 
serious case of dermatosis in one week by daily injections of 1 gm. of 
hyposulphite of soda. Such an observation is also contradicted by my 
own results and by those obtained by Jersild experimenting with hypo- 
sulphite of soda on exanthemata due to sanocrysin. Jersild (6) obtained 
a notable and most rapid improvement in one case. In several cases 
treated for the same complaint, I have been unable to secure evident 
improvement, but neither has that worsening resulted which logically 
should have occurred according to Xalabarder’s affirmations. In the 
case described as no. 24 in my previous publication (7), an intensely 
pruritic rash having appeared with doses of 25 cgm., I gave, always con- 
temporaneously with the sanocrysin, injections of pure hyposulphite of 
soda in doses of 50 cgm. of salt. I did not obtain brilliant results, but 
neither was there a worsening. 

Other authors have occupied themselves with the study of an eventu- 
ally toxic action of hyposulphite of soda. Kobert found it an irritant, 
but it must be said that he administered it in subcutaneous injections, 
causing local inflammatory and necrotic foci which have nothing to do 
with its general action. Humbert and Finck (8), who used hyposulphite 
of soda for the exploration of renal function, have shown that intra- 
venous injections of small quantities of hyposulphite determined thermal 
reactions up to 38.5°. These facts have induced some authors to com- 
pare the action of hyposulphite to that of sulphur taken by the parenteral 
way in the treatment of chronic rheumatism. I have experimented 
at length on the administration of these two medicaments and can affirm 
that there exists no point in common in their action. It is easy for any- 
one to discover that while a milligram of sulphur, dissolved, for example, in 
olive oil and hypodermically injected, is sufficient to determine a febrile 
reaction to 39°C. with diffused pain, it is, on the other hand, possible to 
inject by the intravenous route a gram of hyposulphite of soda, dissolved in 
bidistilled water, without provoking the slightest thermal elevation. 

The cases of thermal reaction in the administration of hyposulphite 
of soda are to be attributed to the impurity of the preparation, prob- 
ably in the form of free sulphur. 
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As hyposulphite of soda is very little used in human medicine, it is not 
easy to find it on the market in pure form, being usually found in the 
common preparation used in photography. In using such a preparation 
for intravenous injections, there results a transitory thermal reaction 
which is completely absent when the chemically pure salt is used. Toa 
young patient with putrid bronchitis (mentioned above) I gave a pre- 
scription of a phial of hyposulphite of soda dissolved in water, which had 
been prepared by a chemist. After each intravenous injection the pa- 
tient was seized by a fit of shivering and feverishness. When the phials 
were substituted by other Kalbaum hyposulphite preparations, chemi- 
cally pure, she no longer suffered any reaction. 

That hyposulphite causes a congestive pulmonary action, I have been 
unable to note, nor do I find that this has been sufficiently demonstrated 
by the authors who affirm this without even making the necessary dis- 
tinctions between the absolutely innocuous action of hyposulphite and 
the notoriously stimulating action of sulphur and sulphur mineral 
waters. 

Hyposulphite of soda, by reason of its strong reducing action, mani- 
fests a definitely antitoxic activity. Kabelic (9) has made reference to 
Odstrcil of Olmiitz and to Reinsberg and Fabian of Bratislavia, who 
have succeeded in saving sufferers from serious extensive burns by means 
of hyposulphite. Vignati (10) has stated that hyposulphite acts well in 
poisoning by arsenic, by heavy metals, by alkaloids such as colchicum, 
and by opium. Vignati has also given experimental proofs of such facts, 
demonstrating that bacteria treated with copper sulphate are restored 
to life if treated at once with hyposulphite of soda. According to Roz- 
tomily it is possible to eliminate occupational rashes with it; Burian 
states the same fact in relation to drug rashes. Also in very serious 
poisonings, such as, for example, by hydrocyanic acid, before which one 
often remains ‘helpless, patients have frequently been saved by oral 
administrations of hyposulphité of soda in great quantities. 

Its antitoxic action in combination with heavy metals has a dual 
effect: first of all it allows the formation of chemical products slightly or 
not at all toxic; second, it makes a disintoxicating action possible (in 
cases in which metal in the state of electropositive ions is liberated) to 
be acted upon by the hyposulphite of soda present at the side of metallic 
hyposulphite. Some investigators have thus found it possible to attempt 
chemotherapeusis with a quantity of metals which would be toxic with- 
out their combination with the thiosulphuric radical. Combinations 
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with silver have been suggested by Rosenthal, Hinzelmann and Zeltner; 
with bismuth and arsenic antimony by Hesse; and by Kabelik for the 
treatment of tumors, with lead and copper. According to this last 
author, ‘“‘We possess in Na,S.O; a sure and potent antidote.” 

Christopherson and Gloyne (12) have studied the protective action of 
hyposulphite of soda in a great number of intoxications. 

The clinical and experimental researches on the antitoxic action of 
hyposulphite of soda have special regard to poisoning by corrosive subli- 
mate. Calabrese (13) obtained excellent results in experimental poison- 
ings. Barlocco (14) and Pezzali (15) have used it for duodenal lavage 
with Einhorn’s small tube; Americans have advised its use by intrave- 
nous injections and only by increasing doses. The number of clinics which 
have used it is large enough; it is sufficient to quote for the remainder the 
cases of Cenini (11), of Malerba (16) and of Ronchetti (17). This last- 
named author, having used it in several cases of poisoning by corrosive 
sublimate, arrives at a favorable conclusion and advises its use in such 
cases. 

Studying the mechanism of such disintoxicating action, Malerba 
records that thiosulphate decreases the concentration of the mercuric 
ions, forming double thiosulphates, in the disassociation of which the 
mercury passes into anions. These are precisely the characteristics of 
aurothiosulphate of soda. Another characteristic of double hyposul- 
phites is that to which Kabelik has called attention, namely, that while 
they are stable when in contact with the organism’s neutral humors, they 
are dissolved by tissues under acidotic reaction, such as neoplastic and 
inflammatory tissues. In metallic therapy there is, in this way, a kind 
of nosotropism. From this electivity of action the advantage results 
that the organism generally does not profit by double salts, so that, even 
if introduced in small quantities, the medicament is entirely at the dis- 
position of the diseased tissues which can obtain the maximum benefit. 


CONCLUSION 


Concluding from the clinical facts referred to, and observed both in 
tuberculous and nontuberculous diseases in the chemical and pharma- 
ceutological researches of many authors, with regard to sulphur and 
hyposulphites and their combinations with heavy metals, I think that in 
the light of present-day knowledge it is possible to synthesize the part 
played in sanocrysin by hyposulphite of soda as follows: 
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1. Hyposulphite of soda does not manifest any evident curative ac- 
tion in tuberculosis. 

2. Hyposulphite of soda does not cause any secondary phenomena 
when taken in doses customarily in use for sanocrysin. 

3. Hyposulphite of soda in sanocrysin has the merit of rendering the 
metallic element more diffusible and nontoxic, thus allowing a complete 
therapeutic action, which was already discovered by Koch himself, who 
was unable to give it practical application because of the toxicity and the 
slight diffusibility of the preparations used up to that time. 
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THE BLOOD-SEDIMENTATION TEST AS A ROUTINE 
PROCEDURE IN THE TUBERCULOSIS DISPENSARY!:* 


JACOB W. CUTLER anp LOUIS COHEN 


The value of the blood-sedimentation test in tuberculosis is of such 
fundamental importance that it is hoped that this paper will stimulate in 
the physician a desire to give the test a trial when handling tuberculosis 
patients. He will find it a valuable adjunct to his other means of making 
a diagnosis, and an excellent check upon his clinical judgment. Our 
experience with the sedimentation test dates back to 1925, during which 
time we have studied it in hundreds of cases, in both the dispensary and 
sanatorium. Our respect for it has grown and our reliance upon it has 
become so great that to-day we do not consider a diagnosis of tuberculosis 
complete without a sedimentation test. 

After all, there is more to the diagnosis of tuberculosis than the finding 
of tubercle bacilli in the sputum or rAles in the chest. The X-ray and 
physical examination reveal the pathological changes which have taken 
place in the lungs. But what the physician is most desirous of knowing 
is more important. How much constitutional disturbance is this 
tuberculosis producing? Is it active? Does it require special treat- 
ment? These questions are often difficult to answer, requiring great 
skill and much experience. Determining activity in tuberculosis is the 
hardest task that confronts the chest specialist. Even the most expert 
will find that he has erred not infrequently. 

Until recently a diagnosis of activity was based entirely on clinical 
judgment with the human equation playing the deciding factor. In the 
past few years the sedimentation test has established itself as a very 
valuable means for estimating activity in tuberculosis in a scientific 
manner. Since the future welfare of the patient in great measure 
depends upon the proper evaluation of the activity of the tuberculous 


1From the Eagleville Sanatorium and Dispensary, Eagleville, Pennsylvania, and City 
Chest Clinics of Philadelphia. This study was made possible through the generosity of S. 
and J. Paley. 

2 Read before the Philadelphia County Medical Society, October 9, 1929. 
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process, the sedimentation test should become indispensable in substi- 
tuting fact for opinion. 

This does not mean that the sedimentation test is to replace any 
established procedure or to force to the background sound clinical 
judgment. On the contrary, if this test be used in conjunction with 
temperature chart, physical examination, history and clinical judgment 
it will often cast an additional ray of light upon a complex problem and 
make for great confidence in the handling of the sick. The sedimentation 
test should therefore be welcomed. 


TECHNIQUE 


The i-cc. Cutler graphic technique was followed throughout. This 
technique is very simple and can be carried out by the physician in his 
office without difficulty (1). 


STUDY BASED ON 500 DISPENSARY PATIENTS 


With this introduction, let us see what the sedimentation test has to 
offer the busy physician when handling ambulatory tuberculosis patients. 
This study is based on 500 single observations made on 500 patients. 
Each patient was ambulatory and came to the tuberculosis dispensary 
either for diagnosis or follow-up after discharge from a sanatorium. 

Our purpose was to determine the relative value of the sedimentation 
test in estimating activity or quiescence in tuberculosis as compared 
with other signs and symptoms most commonly relied upon by the 
physician in making this ‘determination. 

The data were obtained at a single visit and include, in addition to the 
sedimentation test, a careful history directed along specific lines, a 
careful examination of the lungs, and a written opinion on the part of 
the examining physician as to the presence or absence of activity. 
Every examining physician was an expert in handling tuberculosis 
patients and was a regular member of the dispensary staff. Every 
diagnosis of tuberculosis was proved, either by X-ray or the finding of 
tubercle bacilli in the sputum. 

In no instance did the examining physician know what the sedimenta- 
tion test was before committing himself in writing. Every attempt was 
made to make this study as impartial as was humanly possible, to 
eliminate enthusiasm, and to record facts. 

An idea of the completeness and impartiality of this study can be had 
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from a glance at the following history chart filled in by the examining 
physician for each patient in the follow-up clinic. A similar chart was 
filled out in the diagnostic clinic. 


FOLLOW-UP STUDY (TUBERCULOSIS) 


Case No. 
Name 
Address Date 


Present Condition: Good—Fair—Poor 

Cough: None—Slight—Moderate—Severe Better—Worse— Same 

Expectoration: ( Better—Worse—Same 

Weight: Normal —— lbs. Present —— lbs. Gained—Lost 
since last examination Date 


Sputum: Positive (Gaffky —) Negative 


Ibs. 


Exercise: —— hrs. (Occupation ) 

Fatigue: Much—Little—None Better—Worse—Same 
Blood Spitting: Yes ( 02.) Date No 
Night Sweats: Yes No 

Pleurisy: Yes—Date No 

Rales: Fine—Medium—Coarse—Crackles Present—Absent 
Temperature: ——— _ Respiration: Pulse: 


Clinical Condition: Active—Slight, Moderate, Marked: Inactive 
Sedimentation Test: 


PATIENTS DIVIDED INTO THREE GROUPS 


The patients in this study were divided into three groups: first, those 
studied in the diagnostic clinic and diagnosed as nontuberculous; second, 
those studied in the diagnostic clinic and diagnosed as tuberculous; and 
third, those studied in the follow-up clinic after discharge from a sana- 
torium and known to be tuberculous. 


THE DIAGNOSTIC TUBERCULOUS GROUP 


No claim is made for this test as a procedure for diagnosing pulmonary 
tuberculosis. It cannot do this, for the test is nonspecific. The sedi- 
mentation test merely reflects the disturbance produced in the blood 
through the absorption of products of tissue destruction, and serves as a 
measure of such destruction regardless of aetiology. With this clearly 
in mind, the sedimentation test, nevertheless, serves as a valuable 
diagnostic aid, for it completes the diagnosis in the same sense as does 
fever or pulse-rate. Like these, it measures the intensity of the tuber- 
culous process, only it is far more accurate. As was previously men- 
tioned, once the diagnosis of tuberculosis is established, the next most 
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important determination is the presence or absence of activity and its 
degree, and this we believe the sedimentation test will reveal to a sur- 
prising degree of accuracy. 

For instance, in the group under consideration are included 146 
patients, in all of whom a definite diagnosis of pulmonary tuberculosis 
was established. In eighty-six the tuberculosis was active and in sixty 
quiescent, as determined clinically by the physician and based upon all 
available information with the exception of the sedimentation test. 
The sedimentation test was found active in 87 per cent, or 75 out of 86 
of the clinically active group, and inactive in 97 per cent, or 58 out of 60 
of the clinically inactive group. This was by far the most constant 
single finding in each group. 


THE FOLLOW-UP GROUP 


The follow-up group was made up of 195 patients, each one of whom 
was definitely tuberculous and came to the clinic regularly for follow- 
up after discharge from a sanatorium. This group was divided clinically 
into two groups, consisting of 80 with active tuberculosis and 115 with 


inactive tuberculosis. After all the data were tabulated and analyzed 
an attempt was made to assign a definite value to each sign or symptom 
of importance to the physician in helping him estimate activity. Figures 
1 and 2 represent the result of this attempt. 


ACCURACY OF THE SEDIMENTATION TEST 


It is evident from the data presented that the sedimentation test was 
the most reliable single finding in reflecting the judgment of the physician, 
and, assuming that the physician was 100 per cent accurate in his 
diagnosis, the sedimentation test scored an average accuracy of 88 per 
cent (87, 97, 84, 85). 

In other words, if every source of information were unavailable and the 
physician had to rely solely on the sedimentation reaction, he could 
diagnose activity or quiescence and determine its degree accurately on 
the strength of the sedimentation test in 88 per cent of the cases pre- 
sented for a decision. 

If one were to analyze these figures a little closer one would find that 
in those cases in which the tuberculosis could be nothing else but active 
or inactive the sedimentation test was almost 100 per cent accurate. 


. = 

ho 

if 

2 

1 a 

id 

is 

i 

i 

i 

j 

| 

| 

H 

: 

i 


SEDIMENTATION TEST AS ROUTINE 351 


The apparent inconsistency between the test and clinical diagnosis was 
in the group of doubtful cases, concerning which not more than two 
doctors out of three would agree with the final decision. Certainly 
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SPECIALIST IN ESTIMATING QUIESCENCE AS Founp IN 115 PATIENTS WITH 
QUIESCENT TUBERCULOSIS 


one would be conservative in saying that clinical judgment may have 
erred just as easily as the sedimentation test. After all, clinical judg- 
ment involves the human equation. It would not be uncharitable if the 
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12 per cent difference between the test and clinical judgment were split in 
half and a 6 per cent inaccuracy assigned to each. This means that 
one could safely assign to the sedimentation test an accuracy of 94 per 
cent in diagnosing and estimating the activity or quiescence of a tubercu- 
lous lesion. We have no single measure at our disposal to-day that 
approaches such a high percentage of accuracy. 


QUIESCENT PULMONARY TUBERCULOSIS 
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Fic. 2, RELATIVE VALUE OF SIGNS AND Symptoms Most ComMMONLy USED BY THE CHEST 
SPECIALIST IN ESTIMATING ACTIVITY AS FOUND IN 80 PATIENTS WITH 
ACTIVE TUBERCULOSIS 


THE SEDIMENTATION TEST IN NONTUBERCULOUS INDIVIDUALS 


One hundred and fifty-nine patients came to the diagnostic clinic and 
were diagnosed as nontuberculous. To avoid confusion, the value of the 
test in nontuberculous conditions will be presented in a separate study. 
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It will be in order, however, to point out that a normal sedimentation 
test was never obtained in an individual unless he was healthy or the 
disease which he was harboring was of such a nature that little or no 
destruction of tissue was taking place at the time the test was performed, 
—certainly not enough to disturb the natural stability of the blood. 


SUMMARY AND CONCLUSIONS 


The sedimentation test was studied in 500 patients, all of whom came 
to the dispensary either for diagnosis because of some complaint referable 
to the chest, or in the follow-up clinic after discharge from a sanatorium. 
The purpose of this study was to ascertain the value of this test in 
diagnosing and estimating the degree of activity in pulmonary tubercu- 
losis, as compared with all other commonly used procedures for making 
this estimation. 

The following conclusions were drawn: 

1. The sedimentation test is the most valuable single means for 
estimating activity in pulmonary tuberculosis and can safely be said to 
have an accuracy of at least 94 per cent. 

2. It is of inestimable value in completing the diagnosis of pulmonary 
tuberculosis in that it measures the constitutional disturbance that the 
tuberculous process is producing, just as the X-ray or physical examina- 
tion reveals the pathological changes that have taken place; and it should 
be included as part of routine practice when diagnosing pulmonary 
tuberculosis. 

3. By eliminating the personal equation the sedimentation test makes 
it possible to measure activity in scientific terms and should serve as a 
standard for determining activity wherever tuberculous patients are 
handled. 
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THE INFLUENCE OF SURFACE TENSION ON THE 
GROWTH OF THE TUBERCLE BACILLUS! 


FRANK B. COOPER 


Among the physical properties to which* the biologist and chemist 
have devoted increased attention during recent years, surface tension 
occupies a prominent place. The application of this phenomenon to the 
study of the development of B. tuberculosis has been undertaken by 
several workers but up to the present the published reports have been 
conflicting. 


LITERATURE 


Larson, Cantwell and Hartzell (1) stated that all pellicle-formers 
among bacteria ceased to grow at the surface when the surface tension 
of the medium was below 45 dynes (drop weight) and that B. tubercu- 
losis and B. subtilis grew well under these conditions but at the bottom 
of the medium. This was brought about by the addition of sufficient 
sodium soap of castor oil to reduce the tension from 59 to 45 dynes. 

Larson (2) more recently advanced the theory that the lower tension 
probably caused a better wetting of the organism by the medium and 
for that reason created better nutritive conditions. 

Larson and Montank (3) grew B. tuberculosis below the surface of 
glycerol-broth to which bile in one case and sodium soap of castor oil 
in the other had been added to reduce the surface tension to 44 dynes. 
Growth was reported to be more rapid in the bile medium. 

Chang (4) cultivated B. tuberculosis beneath the surface of a medium 
containing the sodium soap of castor oil but was unable to prevent 
pellicle-formation with sodium stearate. He observed diffuse growth in 
a medium containing potassium palmitate, at a surface tension as high 
as 59 dynes, for a period of 15 days after which pellicle-formation began. 
He also made the interesting observation that bacteria growing on a 
medium of 59 dynes caused a rise in tension to 68 or 69 dynes. 


1From the Research and Clinical Laboratory of the Trudeau Sanatorium, Trudeau, 
New York. 
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Kozlowski (5), using cork disks to support the inoculum, grew B. 
tuberculosis on 5 per cent glycerol-beef-infusion medium containing 
castor-oil soap and reported slight inhibition at a concentration of 0.05 
per cent but made no observation concerning the lack of pellicle- 
formation. 

Gibbs, Batchelor and Sickels (6) grew B. subtilis, B. anthracis, Serratia 
marcesens, Pseudomonas aeruginosa, Eberthella typhi and Staphylococcus 
aureus On a peptone-beef medium containing the potassium soaps of 
castor oil, cocoanut oil, olive oil and palmitic acid. They found that 
pellicle-formation was not suppressed at a surface tension as low as 
42 to 44 dynes (drop weight), and concluded that any variations occur- 
ring in media containing depressants could be attributed to their specific 
action as justly as to changes in surface tension. 

These interesting, though conflicting reports suggested the desirability 
of further inquiry into the effect of surface tension on the growth of 
B. tuberculosis to ascertain if an optimum tension at which maximum 
growth occurred might be found. At the same time the elevation of 
tension during growth, reported by Chang, could be more thoroughly 
studied and the controversy concerning pellicle-formation settled. 

The organism selected was human type H37 inasmuch as its growth 
characteristics have been known for many years. 

The medium of choice was that of Proskauer and Beck, modified in 
Koch’s laboratory for the production of albumose-free tuberculin (7). 
It is easily made from chemically pure reagents, affords excellent growth, 
and by virtue of its high surface tension offers a wider range of study 
than media containing organic material of high molecular structure. 


EXPERIMENTAL 


Two stock solutions of sodium soap of castor oil? of 10.0 per cent and 
1.0 per cent were prepared and sterilized at 60°C. for one-half hour. 
These solutions were added aseptically to 50.0 cc. of the synthetic 
medium in flat eight-ounce bottles, plugged with cotton pledgets of 
uniform size, to give the following concentrations: 0.001, 0.0025, 0.005, 
0.01, 0.02, 0.03 and 0.04 per cent, and a corresponding range in surface 
tension from 58.6 to 35.4 dynes. 

Four bottles of each concentration were prepared and incubated 
twenty-four hours to test their sterility and allow the soap-medium 


2 The soap used in this experiment was very kindly supplied by Dr. Larson. 
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system to reach equilibrium. Surface-tension measurements were then 
made with a du Noiiy (8) type tensiometer. 

The inoculation technique consisted of transferring sterile cork disks 
of 9 mm. diameter and 2 mm. thickness from a petri dish to the seed 
bottle with a 1 cm. platinum loop. The disks were submerged at 
the edge of the pellicle, moved forward one-half centimetre under it and 
allowed to come to the surface. When each disk was transferred to the 
desired bottle of medium, a plaque of inoculum the size of the cork disk 
floated on its surface while the amount suspended over the shank of 
the loop sank. In this manner the bottles were planted both on the 
surface and beneath the surface at the same time with a uniform amount 
of seed. Two bottles of each soap concentration were planted while 
the other two received cork disks only and were incubated with the 
planted ones. These served as controls for the effect of evaporation 
and any influence that the disks might exert. Medium from the same 
lot but containing no soap was planted in the same manner to give a 
point of comparison for the effects produced by diminished surface 
tension. 

At intervals of three to seven days, over a period of eight weeks, 
2- to 3-cc. portions of medium were withdrawn aseptically from both 
cultures and controls and their surface tensions determined. 

The amount of inoculum which sank showed a slight swelling and in 
medium of high soap concentration became slightly chromogenic. 
After the initial swelling, it never increased in size and the medium never 
became turbid. These phenomena are interpreted as indicating absence 
of multiplication below the surface. 

Medium, without soap, having an initial surface tension of 72.4 
dynes, showed a progressive drop in tension to 54.5 dynes during the 
first five weeks after which no further change occurred. The unplanted 
controls lost 0.5 dyne during this period. 

Bottles, containing 0.001, 0.0025 and 0.005 per cent soap and having 
initial surface tensions of 58.6, 55.0 and 49.8 dynes respectively, showed 
sharp rises in tension to maxima of 70.2, 68.8 and 67.0 dynes at the end 
of the first week. Following this there was a decline in tension similar 
to that of the medium without soap. At the end of the eighth week 
the values were 54.0, 54.5 and 54.0 dynes. The unplanted controls 
containing soap showed an average loss of 6.0 dynes during this period. 
In all probability this was due to the increased concentration of soap 
caused by evaporation of water from the medium. Growth was prac- 
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tically as rapid at these soap concentrations as on the medium without 
soap, a little inhibition being noticed at the highest concentration. 

Bottles, containing 0.01, 0.02, 0.03 and 0.04 per cent soap and having 
initial surface tensions of 45.0, 39.6, 37.4 and 35.4 dynes, respectively, 
showed a time lag in growth proportional to the concentration of soap. 
Following this there was a rise in tension as growth began, to a maxi- 
mum of 59.0 dynes in the 0.01 per cent and 58.5 dynes in the 0.02 per 
cent at the end of the third week. The 0.03 per cent medium with a 
tension of 37.4 dynes exhibited a lag period of two weeks, then a sharp 
rise to a maximum of 56.8 dynes at the end of the fifth week. The last 
one, containing 0.04 per cent soap and having a tension of 35.4 dynes, 
had a lag period of four weeks followed by the usual sharp rise to a 
maximum of 54.6 dynes at the end of the eighth week. With the excep- 
tion of the 0.04 per cent soap medium all showed gradual declines after 
reaching their maxima and all, including the medium without soap, 
had terminal values of 53 to 55 dynes at the end of the eighth week. 
There was a drop in tension of about 2.5 dynes in the controls during 
this period. (Figure 1.) This is in keeping with the character of the 
dilution curve of castor-oil soap in the medium. (Figure 2.) 

Pellicle practically covered the surface of the medium without soap 
and that containing 0.001, 0.0025 and 0.005 per cent soap during the 
first two weeks, while with the 0.01 per cent four weeks were required. 
Bottles containing 0.02 and 0.03 per cent soap required six weeks and the 
0.04 per cent eight weeks to produce the same amount of growth. 

Addition of soap to the medium caused no change in pH, a fact ob- 
served by Pizarro (9), and no difference between the terminal reaction 
of medium with and without soap was found at the end of eight weeks. 
In each case it was pH 7.8 + 0.1. 

The influence of glycerol utilization on the surface tension of the 
medium was determined by making one lot without it. The tension 
in this case was 0.8 dyne higher than in the modified Proskauer and Beck 
formula. 

In order to demonstrate that the soap metabolism was not responsible 
for the observed rise in tension, soap was added in the percentages 
employed throughout the experiment to the medium containing no 
glycerol and the bottles inoculated in the manner previously described. 
No growth occurred during three months. Addition of calcium chloride 
to soap medium on which bacilli had grown always gave a copious 
precipitate of calcium soap. This indicated that if soap was metabolized 
it was in very small quantities. 
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The effect of the small change in pH which took place during growth 
was determined by making two lots of medium containing 0.005 and 
0.04 per cent soap. Sodium hydroxide and ammonium hydroxide 
were added separately to each lot to give a range of pH from 7.3 to 8.0. 
The maximum change in tension noted in the first medium at pH 8.0 
was 4 dynes while in the other it was 2 dynes. 


DISCUSSION 


Surface-tension studies of strain H37 of B. tuberculosis grown on 
modified Proskauer and Beck’s synthetic medium reveal a number of 
interesting facts. Growth on this medium of high surface tension 
(72.4 dynes) was excellent. Addition of the sodium soap of castor oil 
to the above-mentioned medium, depressing its tension to 49.8 dynes, 
was of no advantage in increasing the growth and, if the tension was 
progressively depressed below this point, growth was retarded propor- 
tionally. Taking the time required for the growth to cover the surface 
of the medium as an indication of optimum nutritive conditions, it is 
safe to say that nutrition was not enhanced by the concentrations of soap 
used in this experiment. 

The surface-tension phenomena observed over the period of eight 
weeks show striking differences in the behavior of the medium without 
soap compared to that of various soap concentrations. The untreated 
medium showed a progressive drop in tension from 72.4 to 54.5 dynes 
while those containing soap, with the exception of the 0.04 per cent, 
showed rises to maxima prior to the covering of the surface by pellicle. 
Following this there was a decline until all values fell within the range of 
53 to 55 dynes. The 0.04 per cent soap medium reached the value of 
54.6 dynes at the end of the eighth week due to the retarded development 
of the bacilli. From this it is seen that the final surface tension at the 
conclusion of growth falls within the range of 53 to 55 dynes regardless 
of the initial tension of the medium. The significance of this observa- 
tion is not apparent at present. 

Addition of soap to the medium caused no appreciable change in the 
morphology of the bacilli except at the concentration of 0.04 per cent 
(35.4 dynes). At this concentration the bacilli were slightly shorter 
than those observed throughout the experiment where smaller amounts 
of soap were present. 
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SUMMARY 


1. No optimum surface tension was noted at which growth was more 
profuse or more rapid than on the untreated medium. 

2. Progressively increasing amounts of sodium soap of castor oil with 
the accompanying decrease in surface tension cause a corresponding 
inhibition of the rate of growth. 

3. Throughout the range of surface tension of 72.4 to 35.4 dynes, 
growth was always at the surface of the medium and in typical pellicle- 
formation. There was never any indication of growth beneath the 
surface. 
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THE INFLUENCE OF UNSATURATED FATTY ACIDS ON 
THE VIRULENCE OF TUBERCLE BACILLI: 


G. PLATONOV 


Recent investigations have proved the extreme biological importance 
of lipoids, especially those of the unsaturated type. The réle of these 
substances in tuberculosis appears equally interesting and manifold. 
Their value as nourishment for tuberculosis patients should be mentioned 
in the first place, a fact that was clearly demonstrated during the World 
War (Stefko (1)): the spread of tuberculosis at that period and the very 
character of the disease (frequency of exudative forms, numerous small 
cavities) are a proof of diminished resistance of the body, as brought 
about by hunger, and especially by insufficiency of fats. 

Goldenberg and Stefko, determining the iodine value of various tissues, 
observed a decrease of the content of unsaturated fatty acids in the or- 
gans of the tuberculous and the underfed; they regard this as the reason 
for an increased susceptibility to tuberculosis. 

We have as yet no definite knowledge of the nature of these lipoids, 
nor of the actual part played by them in immunity. However, the evi- 
dence at hand permits the forecasting of new routes in the study of the 
pathogenesis and therapy of tuberculosis. 

The comparative insusceptibility of some animals to tuberculosis, as 
well as the variety of forms that the course of the disease takes in man, 
used to be explained as being due exclusively to the fermentative processes 
that make up the mechanism of immunity. This explanation leaves 
unsettled another and no less important side of the problem; namely, 
the question of the relationship existing between tubercle bacilli and the 
infected organism. This relationship is similar to that of seed to the 
soil; the latter may, or may not, be suitable for the growth of the former. 
The insusceptibility of the horse to tuberculosis; the high susceptibility 
of the guinea pig; the different degrees of susceptibility of various organs 
in one and the same organism,— all these phenomena may, to a certain 

1From the Tuberculosis Institute, People’s Commissariat of Public Health, Moscow, 


Russia, Professor Dr. Vorobjev, Director. 
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extent, be explained by peculiarities of chemical composition of the 
infected organism or organ. 

In this connection, it is of great interest to study the chemistry of the 
vital processes of tubercle bacilli and the action upon them of the various 
organic substances (simple and complex) that make up the tissues of the 
infected organism. On the basis of these data it might be possible to 
elaborate a diet that is optimal for the tuberculosis patient, eliminating 
certain foodstuffs and introducing others with the view of creating the 
medium least suitable for the growth of tubercle bacilli. 

Not much research work has been performed along this line (Kondo 
(2), Kondo and Braun (3)), and the practical value of the work already 
done is diminished by the fact that the authors have omitted to study 
the action on tubercle bacilli of the complex organic substances that 
make up the tissues of our organs. I have, therefore, undertaken an 
investigation of this kind. The present paper is devoted to a descrip- 
tion of the action of fats upon tubercle bacilli. 

In special literature the bacteriolytic power of some lipoids was de- 
scribed long ago (Noguchi, Deycke, Much). There is also evidence that 
some fats, such as codliver oil, retard the growth of tubercle bacilli 
(Campbell.and Kieffer (4), Platonov (5)). Of the 42 fats investigated 
by Schébl, Oleum hydnocarpum proved to possess the strongest bacteri- 
cidal power, checking the growth of the bacilli even in a concentration of 
0.01 per cent. 

In addition to the incapacity of fats to serve as nourishment for tuber- 
cle bacilli, fats, as said before, are known to possess distinct bacterio- 
lytic powers (McJunkin, Boissevain (6)). Boissevain, who investigated 
in this respect several fatty acids, states that it is the acids of the un- 
saturated type with which this power is especially pronounced, and that 
it ceases with the number of unsaturated groups. My own experiments 
with pure fatty acids confirm the truth of this observation. 

Neutral fats have also proved to be unsuited as media for growing 
tubercle bacilli, a fact that stands in full accordance with the low 
lipolytic power of tubercle bacilli. Indeed this low lipolytic power has 
been demonstrated even in the case of such an unstable fat as monobuty- 
rene, by growing tubercle bacilli on media containing that fat and subse- 
quently determining the content of liberated acid by titrating the me- 
dium, when the quantity of fatty acid liberated was extremely small. 

Attempts to grow tubercle bacilli on media prepared of tallow or pork- 
fat also gave negative results. After six weeks of growth on such media 
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the bacilli showed signs of deep-seated degenerations (frequently break- 
ing up into granules) and a lowered resistance. 

The present work is a continuation of my previous ones, and is devoted 
to the investigation of the action of unsaturated fatty acids upon the 
virulence of tubercle bacilli. 

Three series of experiments were undertaken with this purpose. 


1: The first group of experiments was done on 4 guinea pigs. On 
May 5, 1927, the animals received an intraperitoneal inoculation of a 
lethal dose of tubercle bacilli that had been placed in Olewm jecoris for 
35 days. The results were as follows: 

Guinea pig N87 (20). Weight before the experiment 340 gm. Died 
November 2, 1928; that is, lived 18 months after inoculation. Postmor- 
tem examination showed partial fibrosis of the lungs. No signs of 
tuberculosis were found in the liver and spleen; tubercle bacilli were not 
discovered. 

Guinea pig N68b. Weight before experiments425 gm. Died February 
23, 1928; that is, lived 9 months and 23 days after inoculation. The 
postmortem showed no increase in size of the liver and spleen, and 
no noticeable tuberculous changes in these organs. Lymph nodes of 
normal size. Lungs macroscopically unchanged except the lower part 
of the left lung, which showed pleural adhesions. Histological examina- 
tion showed profuse fibrosis. No bacilli were found. The profuse 
growth and spread of fibrous tissue was demonstrated especially well by 
the Van Gieson method. 

The next two guinea-pigs, NN75b and 97 (weighing 457 and gaining 
28 gm. before the experiment) were subjected, on March 23, 1928 (10 
months and 18 days after the first inoculation) to the reinoculation of a 
double lethal dose of tubercle bacilli (strain Ke, finely suspended in 
saline solution). 

Guinea pig N75b died August 1, 1928 (4 months and 8 days after the 
second inoculation), while control guinea pigs, subjected to the inocula- 
tion of an equal dose, died after 3 to 5 weeks. Necropsy showed small 
foci, chiefly fibrous, in the lungs, and discrete tubercles in the spleen. 

Guinea pig N97 died April 13, 1928 (21 days after the second inocula- 
tion). The postmortem showed an enlarged and flaccid liver and wide- 
spread fibrosis in the lungs. Microscopic examination showed the 
presence of acid-resistant bacilli, especially in the small caseous foci. 
There was nothing abnormal in the abdominal cavity and around the 
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point of inoculation. The mesenteric lymph nodes were not noticeably 
enlarged. 

These findings show that tubercle bacilli, subjected for a time to the 
action of Oleum jecoris, lose their virulence to such an extent that their 
inoculation in the quantities used above does not lead to rapid death. 
Instead of 3 to 5 weeks the inoculated guinea pigs lived 9 and even 18 
months, and the postmortem examination showed a slowly developing 
process of markedly fibrous character. 

It is probably owing to this benignant character of the process that 
guinea pig N75b showed increased resistance to the second infection. 
As for the early death of guinea pig N97, it may be due to some casual 
reason, for the findings of the postmortem examination were not sufficient 


to explain it. 


2: The second series of experiments were undertaken to ascertain the 
action of 2 per cent Natrium morrhuatum upon the virulence of tubercle 
bacilli. 

The virulence of the strain used (Ks) was that after 0.5 mgm. for a 
guinea pig weighing 250 to 300 gm. the animal dies 3 to 5 weeks after its 
administration. After subjecting certain (weighed) quantities of this 
strain to 40 days’ action of Nairium morrhuate several guinea pigs 
were inoculated with it intraperitoneally. Microscopically, the injected 
material consisted of bacilli in a state of advanced degeneration. 

The infected guinea pigs, as will be seen below, gained well in weight 
during a considerable time after the inoculation, giving from time to 
time a feeble Mantoux reaction to tuberculin (dilution 1:10). 

Guinea pig N14, weighing 249 gm., was inoculated on October 26, 
1927, with 1 mgm. of the above-described tubercle bacilli in Natrium 
morrhuatum (that is, a double lethal dose). This guinea pig is still 
alive, though more than 17 months have elapsed since the inoculation. 
From time to time it gives a positive Mantoux reaction (++). 

Guinea pig N89, weighing 250 gm., was inoculated with 10 mgm. of the 
same culture, that is, with a twenty-fold lethal dose. This guinea pig 
lived 8 months and at the time of death weighed 640 gm. The autopsy 
showed the presence of purulent adhesive lesions in the abdominal cavity, 
and an enlarged spleen and liver. Bacterioscopic examination showed 
diplostreptococci. On the ribs, under the skin, a few abscesses were 
found, which upon microscopic examination proved to contain tubercle 
bacilli. The right lung was a porous mass, with adhesions to the costal 
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pleura. The sections contain diplostreptococci. It is to be supposed, 
therefore, that the death of the guinea pig was due to intercurrent in- 
fection. 

Guinea pig N55, weighing 181 gm., received 2 mgm. of tubercle bacilli, 
from which the Natrum morrhuatum was removed by washing. The 
guinea pig lived 7 months. The postmortem revealed no macroscopic 
signs of tuberculosis, nor were any tubercle bacilli discovered histologi- 
cally in the liver and lungs. In the lungs were small healed foci with 
a considerable quantity of fibrous tissue. 

Guinea pig N2, weighing 195 gm., received an inoculation of 10 mgm. 
of washed bacilli (as above). It died after 13 months, weighing 400 
gm. In the lungs numerous tubercles were found, some of them of 
considerable size. Microscopic examination showed large numbers of 
tubercle bacilli. The liver and spleen were unchanged. 

The above experiments, similar to those with Oleum jecoris, show a 
considerable diminution of the virulence of tubercle bacilli, and a pro- 
longation of the life of guinea pigs to 13 months even after an inoculation 
20 times exceeding the lethal dose. 

In those cases, in which the tubercle bacilli were introduced together 
with Natrium morrhuatum, the latter seems to have produced a certain 
beneficent effect upon the development of the disease; however, our data 
are not sufficiently numerous to permit any definite conclusions upon 
this point to be drawn. 

In the above experiments the disease always bore a distinctly fibrous 
character. The Van Gieson method was particularly demonstrative in 
this respect: the sections stained with this method show solid fibrous 
masses that could be seen even with the naked eye. 

Having obtained the above described data, I thought it worth while 
to ascertain the action upon animals previously inoculated with the 
Natrium morrhuatum suspension of tubercle bacilli of a new and this 
time unweakened culture. For this purpose some guinea pigs, inoculated 
at the same time and in the same way as those of the preceding experi- 
ments, were used. N91 received the same dose as N14, N26 the same 
as N89, N187 the same as N55, and N205 the same as N2. 

Five and a half months after the first inoculation (of the culture, 
weakened under the action of Natrium morrhuatum) these animals re- 
ceived a second intraperitoneal inoculation of tubercle bacilli of the same 
strain, but unweakened, each animal one lethal dose, that is, 0.5 mgm. 
The following were the results: 
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Guinea pig N91 lived 7} months after the inoculation, and died weigh- 
ing 622 gm. The postmortem examination showed a widespread pul- 
monary infection, with small foci containing tubercle bacilli. Histo- 
logically, fibrosis was found to be much less marked than in the animals 
of the previous group. In the liver and spleen separate caseous tubercles 
were found. 

Guinea pig N26 died on the day after the inoculation. The reason for 
this sudden death is not clear. It may have been due to a sort of “‘tuber- 
culin shock;’’ this is the more probable, as the animal had received at the 
first inoculation a 20-fold dose of bacilli, so that the lesions could in this 
case have been more widespread than in the others. This view is sup- 
ported by the fact that the animal gave a stronger reaction to Old Tuber- 
culin (0.05 mgm. introduced on January 6, 1928). The postmortem 
examination showed widespread lesions of the lungs, of caseous char- 
acter. A large quantity of tubercle bacilli was found histologically, as 
well as separate large tubercles in the liver and spleen. 

Guinea pig N187 died after 5 months, weighing 310 gm. Results of 
postmortem were the same as in N205. 

Guinea pig N205 died after four months and nine days, weighing 352 
gm. The lungs contained lesions mostly of fibrous character, and several 
small caseous foci of later origin, which were clearly due to reinfection. 
No lesions were found in the liver and spleen. 


3: The third part of my research was devoted to the study of the 
action of Acidum gynocardicus on the same strain of tubercle bacilli as 
the one used in the preceding series of experiments. Bacilli, subjected 
to the action of a 0.3 and a 3.0 per cent solution of this salt, were inocu- 
lated into 4 guinea pigs, two for each dilution. Three months have passed 
since the inoculation, and the animals are still alive, having nearly 
doubled their weight. 

The evidence at hand shows beyond doubt that unsaturated fatty 
acids lower the virulence of tubercle bacilli. A similar action of codliver 
oil is described by McJunkin (8) with olive oil. 

The disease develops in this case slowly and is of fibrous character. 
It is clear that the reaction of organs to infection with bacilli of low viru- 
lence is quite different to what is observed in the case of virulent bacilli. 
There may be several reasons for this: in the first place tubercle bacilli 
with low virulence infecting some organ, as for instance the lungs, pro- 
duce a less toxic action upon the cells, not leading to necrosis, while 
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another factor of importance is the decreased capacity for growth of such 
bacilli, and favorable conditions for the fibrosis of the tubercles that 
result therefrom. 

The beneficent character of this fibrous process increases the resistance 
toward subsequent reinfection with highly virulent bacilli. The develop- 
ment of the disease is considerably retarded even when quantities 
greatly exceeding the lethal dose have been inoculated, death setting in 
only 4 to 7 months after the inoculation instead of the 3 to 5 weeks for the 
control animals. The increased resistance is also emphasized by the 
limited spread of tuberculous lesions; however, those lesions are generally 
not of a purely fibrous, but of a mixed (caseous and fibrous) character. 

The above-described findings permit us to assume the possibility of 
using “‘oil-vaccines” of tubercle bacilli for therapeutic and prophylactic 
purposes. I think this problem deserves serious attention in view. of 
the practical interests involved. 

There also exists the possibility of applying unsaturated lipoids in 
the dietetic therapy of tuberculosis. I have already mentioned, in this 
paper, the incapacity of tubercle bacilli to assimilate unsaturated fatty 
acids. As already said, this circumstance is due to the low lipolytic 
power of tubercle bacilli. It may be, of course, possible that small 
quantities of lipoids are decomposed by the bacilli, and that thereby some 
glycerine is liberated. But even though glycerine is a most valuable 
food-stuff for the tubercle bacilli, the latter will grow well only if the other 
product of decomposition is a fatty acid of the saturated type, as the 
only type of acids to which the tubercle bacilli are indifferent. On the 
contrary, unsaturated acids, such as oleinic acid, which is to be found in 
large quantities in the organs of fats, act bacteriolytically. A similar 
action is produced by other lipoids contained in organs (lecithin, choles- 
terol). 

It is clear, therefore, that tubercle bacilli do not grow easily in organs 
that are rich in fats. It is even possible that their growth in such organs 
takes place at the expense of the other substances of which these organs 
consist, or, more probably, at the expense of intermediary products of 
the physiological protein and carbohydrate metabolism of these organs. 
This is supported by the data of a number of papers by me and my col- 
leagues. 

Clinical data speak in favor of this supposition: thus we know of the 
rarity also of tuberculous lesions in the meninges and the suprarenals, 
organs that are extremely rich in unsaturated fatty acids; indeed, the 
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suprarenal of the horse contains, according to Bernard (9) and others, as 
much as 6.7 per cent, and that of man, 2.08 per cent lecithin. 

The high content of oleinic acid in horse-serum, and the presence in 
it of highly unsaturated Acidum linonicum and linolenicum seem to fall 
in well with the immunity of the horse to tuberculosis. 

The above may serve as a basis for a wide use of unsaturated acids in 
the dietetic therapy of tuberculosis. 

It is my belief that the attentive study of the conditions of fat metab- 
olism will make it possible to vary the chemical composition of organs at 
will, increasing their stores of unsaturated acids and increasing thereby 
unfavorable conditions for the development of tuberculous infection, 
and a lowering of the virulence of the tubercle bacilli in them. 


SUMMARY 


1. Fats of the unsaturated type act bacteriolytically, retard the growth 
of tubercle bacilli, and lower their virulence. 

2. Guinea pigs, inoculated with tubercle bacilli the virulence of which 
has been lowered under the action of unsaturated fats, develop a chronic 
tuberculous process of fibrous character, and show increased resistance 


to subsequent reinfection. 

3. The parenteral therapy of tuberculosis, consisting in the introduc- 
tion of various preparations of unsaturated lipoids, deserves serious 
attention and study. Acids with high iodine value should be assigned a 
place of honor in the dietary regimen of the tuberculous. 
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THE CHEMICAL COMPOSITION OF THE ACTIVE PRIN- 
CIPLE OF TUBERCULIN:? 


XII. PRECIPITIN TESTS AND DIFFERENTIATION OF VARIOUS 
TUBERCULIN AND TIMOTHY-BACILLUS PROTEINS 


FLORENCE B. SEIBERT 


Since extensive previous chemical investigations have all pointed to the 
protein nature of the active principle of tuberculin, a study of the anti- 
genic properties of this protein seems timely. It had been shown earlier 
by numerous investigators that antibodies could be produced by injec- 
tions of tubercle-bacillus extracts and of various protein fractions of 
tuberculin. It is most difficult to know exactly how much of any of the 
extract constituents is administered unless careful analyses are made of 
the extracts, and this was scarcely ever done in the investigations re- 
viewed. In the studies to be reported in this paper the protein was 
available in sufficient quantity and in pure enough form to lend itself to 
chemical standardization. It is therefore possible to record exactly how 
many milligrams of protein were required to call forth antibodies and also 
exactly how high a dilution of the protein would give the precipitin test 
in vitro. The two preparations used as antigen were: 
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1: The protein precipitated by ammonium sulphate from tuberculin made by 
growing H37 human strain of tubercle bacillus upon a nonprotein synthetic 
medium. The precipitate was dialyzed free from ammonium sulphate and 
then concentrated im vacuo to dryness as described in a previous paper (1). 
2: The protein, concentrated by means of ultrafiltration (2) from the tuber- 
culin made upon the nonprotein synthetic medium and known as SMT. 
The protein in this case is as undenatured as it is possible to make it. 


It is true that some carbohydrate was present in both preparations 
and that the substances were therefore not entirely protein. It was 
deemed wise, however, to study their antigenic capacity, so that later 
studies which will be made with proteins more highly purified, from a 
chemical standpoint, will have a basis for comparison. 


1 From the Otho S. A. Sprague Memorial Institute and the Department of Pathology of 


the University of Chicago. 
? Aided by a grant from the National Tuberculosis Association. 
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The precipitin test was chosen as a means of identifying antibodies 
because of its simplicity and directness. All discussion of possible rela- 
tionship to the complement-fixation test has been carefully avoided in this 
paper because of the large amount of work on this subject reported in the 
literature. 

Calmette and Massol (3), Baldwin (4) and Ruppel and Rickmann 
(5) had been able to produce precipitins in normal rabbits by injecting 
filtered extracts of tubercle bacilli and also by injecting the extracted 
residues of the bacilli. Petroff (6), however, claimed that injections of 
the “nucleoprotein” were followed by a positive precipitin test whereas 
the injection of living or dead tubercle bacilli had no such effect. 

The clinical. significance of such a test has naturally been investi- 
gated. Hollender (7), who first proposed the method and claimed 
to have had good results, was criticized by Rieckenberg (8) and by Jabbe 
and Mastens (9) on the basis that his results had not been controlled. 
Calmette and also Porter (10) claim that the precipitate obtained is of 
nonspecific nature. Bonacorsi (11), using cholesterolized extracts of 
tubercle bacilli, Stewart and Collins (12), using tubercumet, Bonomé 
(13), Ruppel and Rickmann (5), and Larson, Montauk and Nelson (14), 
using aqueous bacillary extracts, all reported the precipitin test to be of 
diagnostic value in man. The opposite view, however, has been taken 
by Lewis (15), Smeeton (16), and by Olitzsky (17), all of whom have 
asserted that there is no reliable correspondence between the presence of 
demonstrable precipitins and disease activity. 

There are numerous reasons for a possible explanation of the disagree- 
ments here cited, chief of these being the antigen used by different 
investigators and, second, the species of animal used, as will be amply 
illustrated in this paper. O. T., for example, was used as antigen by 
Smeeton and Olitzsky and by Porter, and it will be seen below that O. T. 
is a weak and very unreliable antigen. Lewis used an ethyl-alcohol 
extract of tubercle bacilli and Calmette and Massol an aqueous bacillary 
extract. 


EXPERIMENTAL 


Table 1 shows a series of precipitin tests made upon the sera of a group 
of normal guinea pigs immunized with tuberculin protein, a group of 
tuberculous guinea pigs and two tuberculous patients, using as antigens 
simultaneously on the same serum an SMT and an O. T. solution, 
which were equal in potency from a tuberculin standpoint. Invariably 
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the titre with the O. T. antigen was lower than with the SMT antigen, 
and in many cases it was practically negative. The most probable and a 
reasonable explanation for the inferiority of O. T. as an antigen is that the 
protein has been markedly denatured and largely removed by the heat- 
ing process used in makingO. T. That very little whole protein actually 
remains in O. T. will be shown in a later paper. 


TABLE 1 
Comparative precipitin tests with SMT and O. T. antigens 


TITRE DILUTION OF SMT IN CC. TITRE DILUTION OF O. T. IN CC, 
NUMBER OF GUINEA PIG 


Ring Precipitate Ring Precipitate 


Normal immunized 
81 : : 50 
32 : : 
40 
12 


986 
991 


Tuberculous 
14 
40 
50 
51 
62 
92 


105 
113 
138 


144 

176 

186 

934 
Tuberculous patient M. F. 
Tuberculous patient M. A. 


ee ee 


The m.1.d. for tuberculous guinea pigs of SMT and O. T. was about equal. Acc. dilution 
of 1:20 SMT = a gm. dilution of 1:2500. 


TECHNIQUE FOR PRECIPITIN TEST 


Into each of 13 tubes of 5-mm. bore was pipetted 0.1 cc. serum and 
then on top of this was carefully layered 0.1 cc. of the different dilutions 
of the antigen, ranging from 1:1250 to 1:10,000,000 (gm. protein per cc.). 


it 
13 
| 
if A 
j 0 
1:40 
| 1: 20 faint 0 1:2000 0 
a 1: 400 1: 1200 0 0 
| 1: 800 1: 400 0 0 
0 1: 3 
20 1: 200 
0 i: 
300 a: 
20 1:2000 
600 i: 50 
1600 1: 160 
>3000 1:2000 
1200 1:2000 
FE 800 | 1: 100 
800 0 
tr 1500 | 1: 200 
ie 40 1: 160 
¢ 40 | 1: 160 
>3000 | 1:2000 
i: 2,000 | 1:1600 | I: 
2,000 0° 
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The tubes were then placed in an incubator at 37°C. for two hours, after 
which the ring, if present, was noted at the line of junction of the two 
liquids. The serum and antigen were then mixed by shaking and the 
precipitate allowed to settle over night in the ice-box. 

The antigen (expressed as Tbn.b) used in the precipitin test was 
made by dissolving to a clear solution 10 mgm. of the ammonium- 
sulphate precipitated protein in 1 cc. of sterile saline solution, and then 
diluting 0.8 cc. of this to 10 cc., making a dilution of the protein equal 1 gm. 
to 1250 cc. The tuberculin protein concentrated by ultrafiltration, SMT 
which was used as antigen im vitro, was Kew. It was lot K of tuberculin 
concentrated (c) 100 times, or to the point where it had the same m.1.d. 
value as O. T., and then it was further washed (w) until it was free of 
medium constituents, or, in other words, gave only a trace of a test for 
chloride and iron. This preparation had been standardized by means of 
the trichloracetic-acid precipitation method (2) and found to contain 
9 mgm. protein per cubic centimetre. Therefore, in order to make a 
dilution of 1 gm. to 1250 cc., 1 cc. of the Kew was diluted to 11.25 cc. 
In the first tube, therefore, 0.1 cc. of this dilution of antigen and 0.1 cc. of 
serum makes a dilution of 1:2500. Controls were run by adding saline 
solution to the serum and also by adding saline solution to the antigen. 


RESULTS 


1: Normal Animals: A series of 18 normal guinea pigs and 8 normal 
rabbits were tested and found consistently to have no precipitins (to 
tuberculin protein) in their sera. 

2: Normal Immunized Animals: (Tables 2 and 3): The results set 
forth in these two tables indicate the relative ease of producing pre- 
cipitins in guinea pigs by injecting intraperitoneally tuberculin protein. 
Only four animals out of the 25 cited failed to respond, and it is possible 
that with more injections they may have done so also. In table 3 some 
of the titres are exceptionally high and even following relatively small 
injections of protein. All of the tuberculin preparations in this table used 
for injections were those concentrated by ultrafiltration. 

A few experiments were performed to note whether fractions of tuber- 
culin other than the whole protein could serve as antigen both in vitro 
and in vivo. In these tests the same antigens were used both for inject- 
ing the guinea pigs and also for making the precipitin test. Table 4 
shows that fraction no. 58, which was a protein fraction coagulating at 
70°C. (for the exact description of its preparation see the previous 
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publication (18)), was able to call forth precipitins to itself in two guinea 
pigs. This protein is insoluble in water, but dissolves upon the addi- 
tion of a small amount of alkali and remains in solution when neutralized. 

Fraction no. 3, which was an acetic-acid-precipitated protein, and which 


TABLE 2 
Normal guinea pigs injected with tuberculin 


PRECIPITIN TITRE (GM. ANTIGEN 6 PER CC.) 
TUBERCULIN DOSE 


NUMBER OF ANIMAL ({NTRAPERITONEALLY) 


Ring Precipitate 


mem. Tbn. b 
Guinea pigs 
228 


0 
(Died in shock) 


1: 40,000 faint 0 


1: 30,000 faint 


1: 14,000 faint 
1: 60,000 
0 


sss 


294 Rabbit 


4 
te 
id 


279 Rabbit 


1:100,000 


dissolved similarly to the no. 58 fraction, also was able to serve as a 
satisfactory antigen. 

Fraction no. 63 was a noncoagulable fraction, which according to 
later analyses contained nondialyzable nitrogen and considerable carbo- 


iy 

i 

4 

5 

ie 5 0 

249 10 
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tt 100 
, | 576 100 1: 4,000 0 

| 1: 6,000 1: 3,000 

1: 10,000 1: 20,000 

| 502 10 1: 10,000 

a 957 75 ? 

Rabbit 10 

10 0 

10 a: 1: 40,000 

10 i: 1: 80,000 

1: 1:100,000 faint 
10 

i 10 0 

10 0 

| 10 1: 1:200,000 

10 0 

| 10 

10 

10 1: 40,000 
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hydrate. As noted in its preparation (18) it was not coagulable by heat 
but it still gave a biuret reaction and was nondialyzable. The protein or 
rather the hydrolysis stage of protein occurring in this fraction more 
closely resembles the protein in O. T. than in any other fraction studied. 


TABLE 3 
Normal guinea pigs injected with tuberculin 


NUMBER PRECIPITIN TITRE (GM. ANTIGEN Kcw PER CC.) 
OF GUINEA TUBERCULIN DOSES (INTRAPERITONEALLY) 
oe i Precipitate 


991 47.26 mgm. Tbn. Dc. over 57 days : : 40,000 

986 44.16 mgm. Tbn. Dc. over 57 days : : 60,000 
12 26.29 mgm. Tbn. Ec. over 47 days 

0.1 mgm. Tbn. Bo 

mgm. Tbn. Kcw 

mgm. Tbn. Kew 

mgm. Tbn. Kcw 

mgm. Tbn. Kcw 

mgm. Tbn. Kcw 

mgm. Tbn. Kcw 

mgm. Tbn. Dew 

mgm. Tbn. Dew (intrav.) 

mgm. Tbn. Lew 

mgm. Tbn. Kcw 

mgm. Tbn. Dcw 

mgm. Tbn. Lc 

mgm. Tbn. Dew (intrav.) 

mgm. Tbn. Dcw 

mgm. Tbn. Lc 

mgm. Tbn. Le 

mgm. Tbn. Lc : 20,000 faint 

mgm. Tbn,. Dew 

mgm. Tbn. Lc 

mgm. Tbn. Le 1:1,000,000 faint 

mgm. Tbn. Dew 

mgm. Tbn. Lc 

mgm. Tbn. Lc 

mgm. Tbn. Lc 

mgm. Tbn. Dcw 

mgm. Tbn. Le 

mgm, Tbn. Le 

mgm. Tbn. Lc : 40,000 faint 


32 
40 
44 
46 


NAAN 


dS 


In fact, in O. T. there may possibly be present a little more whole protein, 
for the boiling process lasts only one hour, whereas in preparing the no. 
63 fraction the heating periods lasted several hours. According to 
table 4 fraction no. 63 is incapable of serving as an antigen in the in 
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vitro test, for even in guinea pigs 967 and 841, in which the sera really did 
contain antibodies, none were apparent when fraction no. 63 was used as 
antigen. Furthermore, in guinea pigs 962 and 963 it was not possible 
to induce antibodies even by injecting large doses of fraction no. 63. 
These experiments with this noncoagulable fraction give excellent 
support to the opinion stated previously, namely, that the reason why 
O. T. is an unreliable and comparatively poor antigen is that the protein 
has been considerably changed during the boiling process. 


TABLE 4 


PRECIPITIN TITRES 
TUBERCULIN FRACTION USED FOR ANTIGEN IN PRECIPITIN TESTS 
TUBERCULIN F N 
Tac. NO. 
FRACTIONS a Fs Frac. No. 58 Frac. No. 3 Frac. No. 63 50* 
<8 
i>} a 
a a Ay 4 Ay Ay 


No. 58: Heat- 
coagulable 


No. 3: Acetic-|841 


acid precipi- 31 neg. 
tate 2 1:30,000/1:30,000 
No. 63: Non-|962} 75 

coagulable 19 neg .|1:6,000 


75 


75 
50 


neg. 


neg. 


* Fraction no. 50 was the whole water-soluble protein fraction, from which the others 
were obtained. 


3: Tuberculous Guinea Pigs: (Table 5): These guinea pigs had been 
inoculated with H119 (originally H37) strain of tubercle bacillus at least 
four weeks prior to the date of testing for precipitins. All showed pre- 
cipitins except three (115, 47 and 34), which were so cachectic or dying 
that they were not expected to show any signs of resistance. The 
results with the two (153 and 168) were unexplained exceptions. They 
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1:200,000|1:10, 000 

967| 75 
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1: 20,000)1:10,000 
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i 1:200,000)1:40,000 neg. 
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could not be called cachectic guinea pigs. In practically all cases the 
titres were very high. On the whole, it can be said that the precipitin 
test, using the antigen (Kcw) specified, is a fairly reliable means for 
diagnosing tuberculosis in the guinea pig. 

4: Tuberculous Guinea Pigs Treated with Tuberculin: (Table 6): 
In every case studied, precipitins to tuberculin were found in the sera. 
The titres, as a group, were not higher than those found in the guinea 


TABLE 5 
Tuberculous guinea pigs, inoculated with 119 strain of tubercle bacilli 


PRECIPITIN TITRE (GM. ANTIGEN KCW PER CC.) 


NUMBER OF GUINEA PIG 
Precipitate 


153 0 
168 0 

197 1: 1:10,000,000 
41 : 1: 1,000,000 

0 

: 200,000 

37 : 100,000 
150 : 50,000 faint 
130 - : 100,000 


172 
115 


Dying when bled 4+ tu- 
culosis 

Dying when bled 3 to 4+ 
tuberculosis 

47 Dying of pneumonia when 

bled 

34 Cachectic 

25 ; 11,120 15 days after inoculation 


127 0 
132 ; 0 
133 : 0 


Tuberculous goat : 40,000 
: : 600,000 After tuberculin injection 


136 


pigs which merely had tuberculosis and which were never injected with 
tuberculin. The tuberculin preparations designated by numbers were 
various protein fractions made from tuberculin, as follows: no. 35, 
acetic-acid precipitate; no. 57, heat-coagulable fraction; nos. 84 and 86, 
noncoagulable fractions. 

These data, therefore, were convincing of the idea that the presence in 
high concentration of antibodies (precipitins) can be consistently demon- 
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strated in the sera of guinea pigs which have been directly immunized by 
injection of the tuberculin protein or which have been rendered sensitive 
to the protein by virtue of having the disease tuberculosis. Since no 


TABLE 6 
Tuberculous guinea pigs treated with tuberculin, inoculated with 119 strain of tubercle bacilli 


PRECIPITIN TITRE (GM. ANTIGEN PER, CC. 

TUBERCULIN DOSES ( BCC.) 
(INTRAPERITONEALLY) 
Precipitate 


43 0.01 mgm. Tbn. Bo : 1:140,000 
50 0.01 mgm. Tbn. Bo : 0 
51 0.01 mgm. Tbn. Bo : 1: 30,000 
14 0.01 mgm. Tbn. Bo : 0 
62 26.29 mgm. Tbn. Ec in- ; 1: 5,000 faint 
jected before in- 
oculation 
40 34.37 mgm. Tbn. Ec in- : 1: 40,000 faint | Before inocula- 
jected before in- tion 
oculation : 1: 5,000 faint | After inocula- 
tion 
0.1 mgm. Tbn. 35 
0.1 mgm. Tbn. b 
75 mgm. timothy pro- 
tein 
02015 
0:02: : : 5,000 
0.1 mgm. Tbn. 57 : : 60,000 
0.1 mgm. Tbn. 35 : :100,000 
0.2 mgm. Tbn. Lc : : 4,000 
0.1 mgm. Tbn. 86 
0.01 mgm. Tbn. Bo ; :100,000 
:200,000 
mgm. Tbn. Ec 
cc. Ten. O. 
mgm, Tbn. 84 :150,000 : 45,000 
mgm. Tbn. 35 :600, 000 :200,000 
mgm. Tbn. 84 : 60,000 0? 
5 mgm, Tbn. Ec 
gm. Tbn. 57 :250,000 :300, 000 
. Tbn. b :300, 000 :300, 000 
. Tbn. b :150,000 :150,000 
. Tbn. 86 :200,000 :200 ,000 


normal untreated guinea pig’s serum contains similar antibodies the test 
very readily becomes a diagnostic method in guinea pigs. A justifiable 
hope was, therefore, that a similar conclusion might be drawn in regard 
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to man, using the antigen described in this paper. Chemically it was 
less denatured and at the same time more concentrated than antigens 
used by previous investigators. 

5: Human Sera: The following series of normal subjects were therefore 
tested, and out of 12 clinically nontuberculous people the serum of none 
showed precipitins. Through the codperation of Drs. Robert Bloch, 
A. Guevaro and A. Larson, the sera from 51 tuberculous patients, in vary- 
ing stages of the disease, were supplied. Of this number, the sera of only 
six contained precipitins. It is interesting that the 6 cases in which 
precipitins were found were all long-standing chronic cases, but, on the 
other hand, not all of the long-standing chronic cases showed precipitins. 
The results, therefore, are first of all disappointing, in that previous 
investigators have been confirmed, indicating that the precipitin test 
cannot be used as a diagnostic test for human tuberculosis. At the 
same time, they furnish a striking example of the statement that different 
species vary in their physiological reactions. Zinsser (19) has shown 
that it is much more difficult to elicit antibodies in man than in animals. 

The one result in table 5, namely, a positive precipitin reaction in a 
tuberculous goat, suggests the possibility that the test may be of some 
value in cattle in which a supplement to the diagnostic tests already in 
use would probably be of considerable value. 

It is not of much practical value to be able to diagnose tuberculosis in 
guinea pigs, since these animals rarely, if ever, contract the disease 
spontaneously. But the fact that it is possible to produce antibodies in 
them so consistently and almost quantitatively renders them valuable 
tools for studying the nature and the purity of various tuberculin frac- 
tions. The following study will illustrate this point. 

There has been much discussion as to whether the human, bovine and 
avian strains of tubercle bacilli can be differentiated serologically. 
Bonomé (13) claimed to be able to differentiate between human and 
bovine by means of a precipitin test, but Baldwin (3) states that this has 
“not been confirmed in the hands of others.’”’ Cumming (20), for 
example, supplemented the previous work of Tulloch and his collabora- 
tors (21), and using the agglutination test verified their contention that 
human and bovine tubercle bacilli behave serologically the same. 

Eight large normal rabbits, accordingly, were immunized, with the 
respective proteins indicated in table 7, two or three with each protein. 
For example, each rabbit received, at two-day intervals, four intravenous 
injections of 10 mgm. (a total of 40 mgm.) of the respective protein from 
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the human, avian and bovine tubercle bacillus, or the timothy bacillus. 
Three weeks following the last injection, the rabbits were bled from the 
ear-vein and cross precipitin determinations made on the sera. All 
the rabbits were tested before injection and found to have no precipitins 
to these proteins in their sera. 

The same antigens as had been injected, but of course in varying dilu- 
tions, were used for the im vitro test. The proteins were prepared 
similarly and great care was taken not to contaminate one with the other. 
Each microérganism was grown upon the Long’s (22) nonprotein syn- 
thetic medium (by the H. K. Mulford Co., and Parke, Davis & Co. in 
codperation with the Medical Research Committee of the National Tuber- 


TABLE 7 
Cross precipitations 


HUMAN TITRE BOVINE TITRE 


RABBIT IMMUNIZED WITH 
PROTEIN OF 


Ring 


Human tubercle 
bacilli 


Bovine tubercle 
bacilli 


Avian tubercle 
bacilli 


Timothy bacilli 5,000 
10,000 
10,000 


culosis Association) for a period of six weeks, and after removing the 
bacilli by Berkefeld filtration the culture liquid was saturated with 
ammonium sulphate. These precipitates then were dialyzed free from 
ammonium sulphate in parchment sacs and the water-soluble protein 
solutions were concentrated to small volumes by vacuum distillation at 
40-45°C., and finally taken to dryness in a vacuum desiccator. 

Table 7 shows the high degree of specificity of these proteins and the 
ease with which their differences can be detected by means of the pre- 
cipitin test. The few crossed reactions obtained are easily recognized 
as nonspecific by the fact that the titres were much lower and that the 
difference in actual volume of precipitate in the tubes between the 


AVIAN TITRE TIMOTHY TITRE 
Ring Ppt. | | Ppt. Ring Ppt. Ring Ppt. 
po 40,000/200,000} 0 f 0 f 0 0 
40,000}100,000} 0 0 f 0 0 0 
po 0 0 5000} 20,000} 0 0 0 0 
0 0 10,000} 20,000 0 0 0 0 
5,000 | 20,000} 20,000} 40,000 0 0 0 0 
5,000 | 40,000) f 0 |200,000)200,000; 0 0 
5,000 0 0 0 {200,000/200,000) 0 0 
20,000 0 0 100 ,000|2 ,000 , 000 
f 0 0 0 0 
0 0 0 f 0 
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specific and nonspecific reactions was even more striking. The non- 
specificity of these reactions were further determined by absorption tests 
as indicated in the following table: 


ANTIGENS 


Avian protein titre 


Human protein titre 


Ppt. Ring Ppt. 


Ring 


Anti-avian serum 
Before absorption................ 5,000 40,000 1:200,000 | 1:200,000 
eee 0 0 1:100,000 | 1:200,000 


Timothy protein titre 


Bovine protein titre 


Ppt. 


Ppt. Ring 


Ring 


Anti-timothy serum ‘ 
Before absorption................ 5000 20,000 100,000 |} 2,000,000 


After absorption: neg. neg. 40,000 100,000 


If these nonspecific titres can be interpreted to mean anything, it may 
be that the avian and bovine are more closely related to the human 
tubercle-bacillus protein than to each other, and that the timothy 
protein is nearer to the bovine than to any of the others. It seemed more 
difficult to produce antibodies to timothy protein than to any of the other 
proteins tried, as can be seen from the fact that two out of three rabbits 
failed to show any specific antibodies. Furthermore, there appeared to 
be some absorption by the bovine protein. 


SUMMARY 


It is possible to produce antibodies to the proteins from acid-fast 
bacteria. In these experiments precipitins were produced in normal 
guinea pigs and rabbits by immunizing them with small doses (about the 
same magnitude as of other proteins) of the proteins obtained from cul- 
ture liquids of human, avian and bovine tubercle bacilli and timothy 
bacillus. 

The precipitin test can serve as a reliable diagnostic method for tuber- 
culosis in the guinea pig, since no normal unused guinea pig’s serum 
contains precipitins for the tuberculin protein and practically all tuber- 
culous sera do contain them. The precipitin test is not an adequate 
test for diagnosing human tuberculosis; only 6 sera out of 51 from cases 
of active tuberculosis showed precipitins. 

By means of cross precipitation reactions it is possible to distinguish 


382 FLORENCE B. SEIBERT 


easily between the proteins from the human, bovine and avian tubercle 
bacilli and the timothy bacillus. 
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A STUDY OF SENSITIZATION IN EXPERIMENTAL 
TUBERCULOSIS! 


RUBY M. BOHART? 


The various tuberculin reactions show that tuberculosis is always ac- 
companied by sensitization. If tuberculin is injected into a tubercu- 
lous animal it causes a rise in temperature and other symptoms, and the 
animal becomes sick; if the dose is large the animal will be killed. On 
the other hand, a normal animal receiving similar treatment will show 
few, if any symptoms, and will survive. If a tuberculous person exer- 
cises violently, thereby causing tuberculin from the foci of the disease to 
be distributed to the sensitized body tissues, a fever followed by malaise 
results. If the same person is kept in bed at rest, thus lessening the dis- 
tribution of tuberculin to the sensitized tissues, the fever and other 
symptoms may gradually disappear. If leucocytosis, according to 
Paterson (1), is induced into the pleural cavity of a normal rabbit, and 
likewise in a tuberculous rabbit, then a suitable dose of tuberculin is 
injected into the pleural cavity of each, the leucocytes of the tuberculous 
rabbit will be killed, while those of the well animal remain alive. If 
tuberculin is injected into the skin of a tuberculous animal, an inflamma- 
tion and often a necrosis of the skin will result, but if a normal animal is 
treated similarly only a slight evanescent oedema results. 

Apparently tuberculous caseation results from the action of tubercu- 
lin on highly sensitized tissue surrounding a group of tubercle bacilli. 
It differs from the intracutaneous reaction in that the tuberculin is 
supplied continuously, and usually the seat of action is concealed. The 
rise in temperature, malaise, destruction of tissue, all seem to be due to a 
single cause, namely, the sensitization of tissue by tubercle protein. 

If these observations and the explanations offered are correct, then the 
assumption is justified that sensitization in its final result is a harmful 
process and not a helpful one; and that it is fundamentally different 
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from immunization, which is essentially helpful. Immunization protects 
body cells against antigen, while sensitization renders them highly 
vulnerable to it. 

The two phenomena, immunization and sensitization, may coexist 
and this association has led to a certain amount of confusion. In the 
present study, it has been the aim to separate them and to limit atten- 
tion to sensitization. Nor has the attempt been made to consider 
tuberculosis sensitization in its entirety; rather, the effort is limited to 
demonstrating the relative sensitizing powers of killed tubercle bacilli 
and their products. 


MEANING OF TERMS EMPLOYED 


Unfortunately, the authors have given different names to sensitiza- 
tions of different types of tissue. The type first recognized was that 
occurring in smooth muscle and it was called anaphylaxis by Richet (2) 
in 1902. It is a spasm induced in a smooth muscle by means of a homo- 
logous antigen or allergen. On the other hand, sensitized epithelial cells 
are incapable of showing spasms but, in association with capillaries and 
blood-vessels, they manifest inflammation. This phenomenon of react- 
ing to allergen with inflammation is commonly called “allergy,” a term 
first given to it by Pirquet (3). Gland cells may also be sensitized and 
react by altered rates of secretion, or they may be completely obliterated 
after prolonged reaction, as shown by Long (4) in the testicular reaction. 
Sensitized nerve cells react to allergen by heightened excitation, and fre- 
quently by the production of fever and other symptoms. In fact, nerve 
cells may bear a relation to all phenomena of sensitization. Funda- 
mentally, all types of sensitization by proteins are doubtless similar in 
the manner of their causation, but the reactions differ because different 
types of cells have different functions. In this study skin sensitization 
or skin allergy is specifically considered. 


REVIEW OF CITATIONS FROM THE LITERATURE 


The literature on sensitization is highly confusing because different 
names are applied to a single phenomenon. Experiments in the produc- 
tion of tuberculosis sensitization are too numerous to permit a complete 
review. In this study the attempt has been made to review only those 
contributions which bear most directly on the problem. 

Sensitization of guinea pigs by means of living tubercle bacilli has 
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been accomplished by many workers and it is the surest way of securing 
this result. On the other hand, sensitization by means of heat-killed 
bacilli seems to have been achieved by few experimenters and that only 
in recent years. Petroff (5) (6) was among the first to succeed. He 
killed the bacilli at 100°C. and injected rather large quantities, 3.75 to 
18.75mgm. Large guinea pigs, weighing 400 gm. or more, gave the best 
results. ‘These animals were given intraperitoneal injections at three- 
or four-day intervals, and three doses were sufficient to sensitize. The 
skin sensitization was well marked, and persisted for a year or longer. 
A more detailed description of sensitization with heat-killed bacilli is 
given by Petroff and Stewart (7). 

Selter (8) injected guinea pigs intraperitoneally with 30 mgm. of lactic- 
acid-treated tubercle bacilli, previously sterilized by phenol or chloro- 
form, and reported that 1 and 43 months later the guinea pigs failed to 
respond to 0.02 cc. of O.T. injected intracutaneously to elicit skin reac- 
tions. Chemically-treated bacilli were tried by McJunkin (9), who at- 
tempted to render them non-acid-fast by means of oleic acid, then in- 
jecting them into guinea pigs. Sensitization did not result. Schoenheit 
and Dienes (10) extracted tubercle bacilli with ether, alcohol and aqueous 
chloroform, and then injected them into guinea pigs, but without causing 
skin hypersensitiveness. Similar attempts were made by Boissevain 
and Schaefer (11), who ground tubercle bacilli in a ball-mill until 
they were non-acid-fast, but they also failed to produce skin 
hypersensitiveness. 

The use of tubercle protein or its fractions for inducing sensitization 
has met with doubtful success. Krause and Willis (12) report that 85 
injections with water-soluble tubercle protein, a total of 203 cc., failed 
to sensitize guinea pigs to tuberculin. Zinsser (13) used nucleoproteins 
separated from Old Tuberculin, but he obtained only a doubtful positive 
in one of four guinea pigs. Eberson (14) secured intense reactions, in- 
cluding necrosis, when guinea pigs were sensitized with ‘ether-insoluble- 
X.” Zinsser and Tamiya (15) actively sensitized guinea pigs when large 
amounts of tubercle nucleoproteins were injected; however, necrotic 
areas were not obtained, the highest reaction being 2+. Zinsser and 
Parker (16) failed to secure skin hypersensitiveness following the use of 
“residue antigens,” but they report mild skin reactions after sensitizing 
with nucleoproteins. 

Many attempts have been made to sensitize guinea pigs by means of 
Old Tuberculin, but without marked success. A mildly inflamed skin 
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reaction is commonly obtained, but never a necrotic area, such as is 
shown on testing tuberculous animals. Baldwin (17) as early as 1910 
obtained reddened areas when Old Tuberculin was used to sensitize. 
Other workers have failed to secure better results since then. Long and 
Seyfarth (18) could not obtain the testicular reaction on animals receiving 
repeated injections of Old Tuberculin. Boquet and Négre (19) likewise 
failed to obtain strong skin reactions. However, DeJong and Dooren- 
bos (20) succeeded in eliciting their “organic reaction” when guinea pigs 
were sensitized with Old Tuberculin. 

Summing up the findings of others, it appears that typical skin reac- 
tions, such as are obtained with tuberculous animals, are not present when 
animals are injected with either tuberculin or tubercle-protein fractions. 
When heavy doses of heat-killed bacilli are injected strong reactions are 
obtained, and frequently with typical necrotic areas. 


METHODS OF INDUCING SENSITIZATION BY TUBERCLE BACILLI OR 
THEIR PRODUCTS 


Methods of inducing sensitization vary in two ways: (1) in the prod- 
uct injected, and (2) in the route by which injection is made. 

As to products injected, this study includes (1) living tubercle bacilli, 
(2) heat-killed bacilli, (3) chemically-killed bacilli, (a) carbol-fuchsin- 
killed bacilli, (b) ether-killed bacilli, (4) light-killed bacilli, (5) tuberculin 
from Long’s medium filtrate, and (6) acetone-insoluble protein. 

As to the methods of injecting the products, three routes were used: 
(1) intraperitoneal, (2) subcutaneous and (3) intracutaneous. It has 
not seemed worth while to combine these two factors in all their combina- 
tions; rather, it seemed best to use the combinations which promised 
success in securing a strong sensitization. 

Method of Testing Sensitization: A number of methods of testing sensi- 
tization have been devised. Of these the Mantoux test by Moussu and 
Mantoux (21), or skin test, is probably the easiest to make and at the 
same time affords data that are roughly quantitative. In this study this 
method was used to the exclusion of all others. The Mantoux test is 
made by injecting 0.1 cc. of a 5 per cent solution of Old Tuberculin into, 
not under, the skin. The hair is previously plucked or shaved so as to 
give a clean surface. Observations of the area are made at 24- and 48- 
hour periods, or later if the reaction is severe. The records for this study 
are given for the 48-hour readings. The following are the interpreta- 
tions of figures used: 1+ signifies slight erythema (3-6 mm.) in diameter; 
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2+ signifies a larger area of erythema (6-10 mm.) without induration, or 
the same size ischaemic area without induration; 3+ signifies an area of 
induration (10-12 mm.), either erythemic or ischaemic in character; 4+ 
signifies a definite area of induration (10-12 mm.), either erythemic or 
ischaemic with a necrotic centre (1-3 mm.) All figures above a 4+ 
indicate the relative increase in the size of erythemic and necrotic areas. 
Both tuberculous and normal guinea pigs were always used as controls 
when testing Old Tuberculin skin reactions, but they are not included in 
the protocols in order to save space. 


RESULTS OBTAINED 


Results on sensitization have been accumulating for some time. How- 
ever, only a limited number of protocols, which appear significant, will 
be given. The following protocols, some confirming the work of others, 
some presenting new trials, seem worth while recording. 

Results with Living Tubercle Bacilli: Since it is well known that 
tuberculosis is always accompanied by skin sensitization, it appeared 
wise to start with living tubercle bacilli. A strain of bacilli that is only 
partially virulent seems best adapted for this work because the animals 
survive longer. While a number of different cultures have been used, 
the well known H37 was employed most frequently. Only a single pro- 
tocol will be introduced here to show the relative sensitizing power of 
living as compared with dead tubercle bacilli. 

Four light-colored female guinea pigs were used in this trial. All gave 
negative skin tests previous to inoculation. The animals were injected 
intracutaneously with a single dose of 0.2 mgm. of Mycobacterium tu- 
berculosis, H37. Two antigens were used: (1) living bacilli and (2) 
carbol-fuchsin-killed bacilli. 

The object of this trial was to compare the efficiency of dead and liv- 
ing bacilli for purposes of sensitization. Also, it was desired to determine 
whether 0.2 mgm. of killed bacilli, given intracutaneously, would sensitize. 
The results are given in protocol 1. 

Protocol 1 shows that 0.2 mgm. of killed bacilli, when given intra- 
cutaneously, will sensitize guinea pigs. However, living bacilli, under 
the same conditions, produce a more certain and constant result, and 
ultimately give a stronger skin reaction. Since the living bacteria 
multiply and cause tuberculous infection, this result was expected. 
Animals injected by the intracutaneous route with living bacilli are 
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available for experimental purposes over a longer period than when in- 
jections are made by the intraperitoneal route, due to a greater delay in 
developing general tuberculosis. 

Living tubercle bacilli have been injected into animals so many times 
with similar results as to sensitization that it is deemed unnecessary to 


PROTOCOL 1 
Sensitization of guinea pigs by means of killed and of living tubercle bacilli 


CARBOL-FUCHSIN- 


DAY KILLED H37 Livinc H37 


Guinea pig number 

Skin test 

Skin test 

Skin test 

Skin test 

Skin test 

Skin test 

Skin test 

Skin test 

Skin test 


PROTOCOL 2 
Sensitization of guinea pigs by means of carbol-fuchsin-killed tubercle bacilli 


DAY 


Guinea pig number 588 
220 
Killed bacilli (mgm.)............. .25 10.25 
Skin test 1+ 
Skin test i+ 
Skin test 3+ 
Skin test 


multiply evidence. Regardless of how the infection is produced, it al- 
ways results in a 4+ or higher skin reaction. 

Results with Chemically-Killed Tubercle Bacilli: It is well known that 
heat coagulates proteins; hence when heat-killed bacilli are injected 
coagulated proteins are being used. Coagulated proteins differ from the 
same proteins uncoagulated, and heated bacteria do not produce ex- 


280 281 282 283 

385 330 365 375 

1 0.2 0.2 0.2 0.2 

13 1+ 1+ 2+ 2+ 

20 3+ 4+ 44 6+ 

27 44- d+ 4+ 44 

34 2+ 3+ do 4+ 

4 1+ 1+ 8+ 8+ 

48 i4- 1+ 8+ 8+ 

55 0 0 8+ 6+ 

62 44 1+ 4+ 

69 4 3+ 44 44 

79 570 555 615 572 

TEST ANIMALS 
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actly the same results as unheated bacteria. Certainly, in tuberculosis, 
it is the unheated living bacilli that sensitize, and presumably the proteins 
in solution are the causal factor. Insoluble proteins are probably 
broken down into simple compounds which do not sensitize. Accord- 
ingly an attempt was made to ascertain the minimum amount of tubercle 
protein, preferably as nearly unchanged from the living condition as 
possible; therefore, chemicals were used to kill the tubercle bacilli. 
Chemicals which seemed promising were carbol-fuchsin and ether, and 
these were tried, with the results shown in the following protocols. 

With carbol-fuchsin-killed bacilli a considerable number of protocols 
were set up, but only three will be given as representative and as illus- 


PROTOCOL 3 
Sensitization of guinea pigs by means of carbol-fuchsin-killed tubercle bacilli 


TEST ANIMALS 


DAY 


538 | 539 | 536] 537 
305 | 275} 405} 355 | 320] 325 
45} 6+] 6+ 10+] 4+] 64+] 4+ 
111; 44+) 4+ | 44+] 44+) 34+) 34+ 


trating certain points. Protocol 2 gives the results for 8 guinea pigs, all 
receiving the same dose of carbol-fuchsin-killed bacilli, H37 strain, in- 
jected intraperitoneally. 

The results clearly indicate that carbol-fuchsin-killed tubercle bacilli 
sensitize with so small an amount as 0.925 mgm. 

In protocol 3 the dose of carbol-fuchsin-killed bacilli was increased 
to 2.0 mgm., and the time interval between the intraperitoneal injections 
was varied to see whether this factor was important. This group of 
animals was kept for 111 days to see whether the sensitization would hold 
up. The results are as shown in protocol 3. 

The results in protocol 3 confirm those of the previous protocol, and 
also indicate that 2.0 mgm. of bacilli gives a stronger sensitization than 
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0.925 mgm. The sensitization rarely exceeded a 4+, but it held up con- 
sistently during the entire period of 111 days. The variation in time 
interval of making the injections had no material effect other than to 
delay sensitization slightly in the case of the three-day interval. 

Protocol 4 is included to show that the sensitization with carbol- 
fuchsin-killed bacilli persists for a long time. The bacilli, H37, were 
injected intraperitoneally in three doses, but the amounts varied in 
several ways. ‘The results follow (protocol 4), but with most of the tests 
omitted to save space. 


PROTOCOL 4 
Sensitization of guinea pigs by means of carbol-fuchsin-killed tubercle bacilli 


Guinea pig number 

Killed bacilli 
Skin test 

Skin test 

Skin test 

Skin test 

Skin test 

Skin test 

Skin test 

Skin test 

Skin test 

Skin test 


The results given in protocol 4 show that all of the animals responded 
with a 4+, or better, skin reaction by the 22nd day. Sensitization held 
up well for a year, but fluctuated during the second year. The larger 
doses apparently gave a more lasting sensitization, but the differences are 
not large, 1.5 mgm. of tubercle bacilli giving nearly as strong a result as 
4.5 mgm. 

A number of other protocols with carbol-fuchsin-killed tubercle bacilli 
gave similar results, and all indicate that they are excellent sensitizers. 

With ether-killed bacilli protocols were set up paralleling those for the 
carbol-fuchsin-killed bacilli. Only two will be included, as the others 
merely emphasize the same results. 

Protocol 5 parallels protocol 2 for carbol-fuchsin-killed bacilli, the 8 


DAY TEST ANIMALS 
270 | 271 | 275| 272| 273 | 274 
| 1} 275| 270} 420] 480| 370| 342 
1] 0.5| 0.5] 1.25]0.25! 1.0] 1.5 
3] 0.5| 0.5|0.25/0.5 | 1.0] 1.5 
6| 0.5| 0.5/0.5 |0.7 | 1.0] 1.5 
6| 1.5] 1.5|2.5 }1.45| 3.0] 4.5 
290 | 4+] 3+] 6+ 4+ | | 6+ 
49| 44+] 44] 44] 44] 44] 44 
44+] 4+] ot | 44+] 44] 44 
167| 6+] 4+ |Dead| 4+] 44] 44 
224| 44] 34+ 34+] 4+] at 
334] 34] 2+ ers 
4ig| 24 | 24 Dead| 34+] 4+ 
5341 0 | 1+ 
620] 1+] 1+ 3+] 0 
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guinea pigs being injected intraperitoneally with like doses of H37 


killed by ether. 


The results with the ether-killed bacilli are essentially like those with 


the carbol-fuchsin-killed bacilli. 


PROTOCOL 5 
Sensitization of guinea pigs by means of ether-killed tubercle bacilli 


Protocol 6 is introduced to show the effect upon animals by varying 
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TEST ANIMALS 


Guinea pig number................ 557 
1 | 395 
Killed bacilli (mgm.)............... 1 (0.175 
Killed bacilli (mgm.)............... 3 (0.25 
Killed bacilli (mgm.)............... 6 10.5 


558 
350 


0.25 

0.5 
2+ 
2+ 
6+ 
6+ 
465 


0.175)0. 


560 
325 


0.175)0. 


PROTOCOL 6 
Sensitization of guinea pigs by means of ether-killed tubercle bacilli 


TEST ANIMALS 


Killed (mgm): 


285 
400 


286 | 287 
440 | 335 
5.0 | 10.0 
5.0 | 10.0 
5.0 | 10.0 
15.0 | 30.0 
4+ | 3+ 
6+ | 4+ 
8+ | 4+ 
6+ | 6+ 
4+ | 3+ 
| 4+ 

4+ | 4+ 
3+ 


the dose and keeping the animals for a long time. 
females were used, but the dose of allergen varied from 6.2 to 30 mgm. 


Only four light-colored 


Most of the skin tests are omitted for the sake of brevity. 
The results confirm those of the preceding protocol. 


tion was maintained for 218 days but began to wane at near 300 days. 


The sensitiza- 


) 
DAY 
| | | 522 | 585 | 500 
315 340 | 365 | 340 | 320 
175 175|0.175|0.175|0.175 
0.25 |0.25 [0.25 |0.25 |o.25 [0.25 
0.5 |0.5 |0.5 |o.5 |o.5 jos 
3+ | 3+] 4+] 3+ | 44 | 4+ 
a+ | 24 | 3+ | 3+ | 2+ | 44 
| 44] 44 | 6+ | 4+ | 44 
3+ | 4+ [4+ | 6+ | 4+ | 6+ 
443 | 425 | 430 | 460 | 450 | 365 
DAY 
370 
2a) 
«| 42] 
29 | 4+ | 4+ 
30 | 6+ | 6+ 
64 | 6+ | 6+ 
99 | 4+ | 4+ 
4g | 6+ | 4+ 
218 | 44+ | 4+ 
334 | 1+ | 2+ 
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An intercurrent infection carried off three of the animals and the trial 
was terminated on the 334th day. 7 

Comparing the results with the ether-killed bacilli and those with the 
carbol-fuchsin-killed bacilli, no obvious differences appear, both being 
equally and highly effective as sensitizers. 

Results with Heat-Killed Tubercle Bacilli: In the past heat-killed bacilli 
have been used for immunization and other purposes. Petroff (5), 
(6), (7) used them for inducing skin sensitization, but found that rela- 
tively large amounts, 7.5 mgm., were necessary, and that guinea pigs 
weighing 350-400 gm. sensitize better than smaller ones. Boquet and 
Négre (19) used 10 mgm. of heat-killed bacilli in order to sensitize guinea 
pigs. The tubercle bacilli used in this protocol were grown on Long’s 


PROTOCOL 7 
Sensitization of guinea pigs by means of heat-killed tubercle bacilli 


TEST ANIMALS 


Killed H37 Killed K1 


12 
110 


Guinea pig number 

Skin test 

Skin test 

Skin test 


om 
© & oC 

os 


Mn 


++ . . . 

+ . . 
A 
+ tn tn 


synthetic medium for about three weeks. The quantity of the bacilli 
was measured by Hopkins’s (22) method and their weight calculated. 
The pH of the bacillary suspension was 6.9. The method of inoculation 
was the same as for the other protocols, that is, intraperitoneal. In this 
trial 6 light-colored guinea pigs were used. ‘Two allergens were em- 
ployed, H37 and an avirulent strain, K1 (Koch). The object of this trial 
was to determine whether there was any difference, when used as aller- 
gens, of moderately virulent and avirulent tubercle bacilli killed by heat. 
The results are given in protocol 7. 

The results recorded in protocol 7 seem to indicate that 10 mgm. of 
heat-killed tubercle bacilli fail to sensitize large guinea pigs in 18 days. 
When three more doses of 7.5 mgm. each were administered, the animals 


DAY 
1 
19 
31 
34 
37 
37 
53 
60 
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became moderately sensitized, but the sensitization fluctuated con- 
siderably. Heat-killed H37 sensitized better than heat killed K1, but 
the living virus, 10-20 mgm. of K1, gives a very uncertain skin reaction 
on guinea pigs, even large ones of 400 to 500 gm. weight. 

Results with Tubercle Bacilli Killed by Light: Sensitization of guinea 
pigs by means of tubercle bacilli killed by light was also tried. Light isa 
physical agent, and it might, therefore, be expected to give more favor- 
able results. It is not definitely known how light kills tubercle bacilli, 
but it was shown by Weinzirl (23) that direct sunlight kills them very 
quickly, generally in about 10 minutes. The mercury-arc light, which is 
highly germicidal, was used. The bacilli were suspended in normal salt 
solution, the suspension was placed in a petri dish, and rayed at a distance 


PROTOCOL 8 
Sensitization of guinea pigs by means of tubercle bacilli killed by mercury-arc radiation 


DAY 


Guinea pig number 291 
365 
0.75 
Skin test 0 

i+ 
420 


of 6 inches for 35 minutes. The suspension was 1.0 mm. in depth and 
was frequently stirred during raying. 

In protocol 8 four light-colored test animals were employed. The 
dose of the allergen was injected intraperitoneally and varied as shown in 
the protocol. 

The results shown in protocol 8 indicate only a trace of sensitization 
when rayed bacilli were used. This result is in harmony with other evi- 
dence that has accumulated and which indicates that ultraviolet light 
materially alters the protein. The results are decidedly lower than those 
secured with heat-killed tubercle bacilli. 

Results with Tuberculins: Having tried tubercle bacilli killed by physi- 
cal and chemical means, it was desired to test the value of certain bacil- 
lary products, such as the tuberculins. Both the Old Tuberculin (O.T.) 
and the bouillon filtrate (B.F.) were used as allergens. 


| TEST ANIMALS 

296 297 
385 518 
0.5 1.0 
0.5 1.0 
0.5 1.0 
1.5 3.0 
0 0 

i+ 1+ 
430 580 
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Although Old Tuberculin has been used by others in attempts to sensi- 
tize, it has generally been found impotent. It was used in this study for 
the purpose of comparison with the results from other products. Since 
it elicits the reaction, theoretically it might also be an efficient allergen. 


PROTOCOL 9 
Sensitization of guinea pigs by means of old tuberculin 


TEST ANIMALS INJECTED 


Intraperitoneally Subcutaneously 


Guinea pig number 88 78 | 79 
345 370 | 330 
1.5 | 0.03} 0.03 | 0.75 
Skin test 1+ Dead | 1+ 
Skin test 0 
Skin test 1+ 
Skin test 4+ 


PROTOCOL 10 
Sensitization of guinea pigs by means of O.T. and T.R. 


TEST ANIMALS 


wn 


Guinea pig number 

Skin test 

Skin test 

O.T. (cc.) intraperitoneal 

Skin test 

Skin test 

Skin test 

Skin test 


— 
ao 


on 
oro 


+ 
w+ 


+ 

+ 


wn 


Several trials were made but only four will be included. Two routes, 
intraperitoneal and subcutaneous, were employed for injecting the O.T. 
into the four light-colored guinea pigs and the results are reported in 
protocol 9. 


| 
4 80 
320 
0.05 
i 0.05 
0.05 
1.5 
; 0 
0 
0 
DAY 
O.T. TR. 
51 54 52 |_| 
400 380 410 | 
i 1 0.5 0.5 0.5 
3 0.5 
( 6 0.5 0.5 
6 1.5 1.0 
24 Dead 0 
31 2+ 
34 0.5 
38 0 
60 3+ 
74 0 
81 2+ 
‘ 81 | 514 
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The protocol shows that the dose of O.T. varied quite widely, but that 
sensitization was always slight. This result is in harmony with those of 
other investigators, and was to be expected, since the low allergenic 
powers of small amounts of heat-killed bacilli is always low. A great 
number of protocols were set up in an attempt to sensitize guinea pigs 
with Old Tuberculin, but they are not included because no better results 
were obtained. The amount of tuberculoprotein in O.T. is, of necessity, 
very small. Asa sensitizer O.T. is practically valueless. 

In the second trial O.T. and T.R. (Parke, Davis & Co.) were both used 
in rather large doses, which were given intraperitoneally. The results 
are recorded in protocol 10. 

The results do not indicate any material difference in the allergenic 
powers of the two tuberculins, and in general they confirm those of the 


PROTOCOL 11 
Sensitization of guinea pigs by means of B.F. 


DAY TEST ANIMALS 
Guinea pig number.................. 25 24 
1 0.01 0.1 0.1 1.0 
6 0.01 0.1 0.5 1.0 
62 3+ 2+ 3+ 3+ 
190 738 517 Dead 738 


preceding protocol. A third trial was undertaken, but using bouillon 
filtrate (B.F. from Parke, Davis & Co.). Bouillon filtrate may be con- 
sidered as dilute tuberculin, since the latter is made from it by concen- 
tration to one-tenth the original volume. Four light-colored guinea 
pigs were inoculated with varying amounts of B.F. The results are given 
in protocol 11. 

The protocol seems to show a moderate degree of sensitization of the 
animals, greater apparently than with O.T. The tests were not suffi- 
ciently numerous to permit definite statements. 

Another trial with the filtrate was made, but this allergen was prepared 
in the laboratory at the University of Washington from a six months’ 
growth upon Long’s (24) synthetic medium. The bacilli were killed 
with ether; the salts were dialyzed out of the medium, and then the 
bacterial bodies removed by means of a centrifuge. This solution, con- 


| 
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centrated to one-fifth its original volume, was used for sensitizing 6 light- 
colored guinea pigs. The results follow in protocol 12. 

The protocol shows that two of the animals were killed in the sensitiz- 
ing process, having died within 24 hours following their first inoculation. 
Of the remaining four, a 4+ reaction was reached by three of them. 
Other trials gave similar results. 


PROTOCOL 12 
Sensitization of guinea pigs by means of Long’s synthetic-medium filtrate 


DAY TEST ANIMALS 


Guinea pig number 534 | 572 
385 | 365 
Skin test 3+ 
Skin test 0 

Skin test 4-4 
Skin test 4+ 
545 


PROTOCOL 13 
Sensitization of guinea pigs by means of the acetone-insoluble fraction of Long’s medium 
jiltrate 


DAY TEST ANIMALS 


Guinea pig number 568 563 
Skin test 17 2+ 
Skin test 24 1+ 
Skin test 31 0 

Skin test 38 1+ 
Skin test 55 0 

55 515 550 


Viewing the results obtained with the four types of tuberculins, it is 
seen that they induce an uncertain degree of sensitization, and that they 
are much less efficient than chemically killed bacilli. Furthermore, the 
high degree of toxicity of the tuberculins kills the animals if large doses 
are given. 


| 
335 | 380 
Dead} 1.5 
1.0 
3+ 
44 
4+ 
0 
540 
564 
315 
1.0 
1.0 
1.0 
2+ 
i+ 
1+ 
44 
4 0 
530 
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Results with Tubercle-Bactllus Protein: This protein was obtained from 
the synthetic medium filtrate already described. If three volumes of 
acetone are added to the filtrate (pH 6.2) a water-soluble protein is pre- 
cipitated. This protein is filtered out and redissolved in normal salt 
solution to the original volume of the filtrate. This protein will be called 
acetone-insoluble protein. The solution was centrifugated to remove 
bacilli. Four light-colored guinea pigs were inoculated intraperitoneally, 
two receiving 1.5 andtwo3.0cc. The results are recorded in protocol 13. 

The results from the acetone-insoluble fraction of protein indicate 
only a moderate sensitizing power. Doubtless the amount of protein 
was small, but since 1.0 mgm. of carbol-fuchsin-killed bacilli can sensitize 
to a 4+ it seems as if a stronger sensitization should have been secured 
by means of the protein. On the other hand, a strong sensitization has 
never been secured by means of any of the tuberculins or with the bouil- 
lon filtrate. It would scarcely be expected that a fraction of this filtrate 
would give a stronger sensitization than would the whole filtrate. 


DISCUSSION OF RESULTS 


Viewing the results as a whole, there can be no doubt about the power 
of dead tubercle bacilli to sensitize, nor can there be doubt as to the low 
allergenic value of tubercle-bacillus products, such as the tuberculins or 
proteins derived from them. It suggests that the sensitizing power is 
due to the alkali-soluble compounds of the bacilli, but this study does 
not prove this point. It is true, however, that the bacilli used were 
grown in liquid media which become acid, thus permitting the soluble 
compounds to escape, and leaving the alkali-soluble ones for the trials. 
Practically indefinite leaching or washing of the bacilli does not destroy 
their sensitizing power. 

The results are important in showing that chemically-killed bacilli 
possess even greater sensitizing powers than heat-killed bacilli. Guinea 
pigs were successfully sensitized with as small a dose as 0.2 mgm. of 
chemically-killed tubercle bacilli. 

The results tend to show that the persistence of sensitization is prob- 
ably proportional to the weight of bacilli injected. It is a relatively 
simple task to sensitize guinea pigs for one or two years, though the 
animals remain free from tuberculosis. 

The work is important in furnishing a basis for desensitization experi- 
ments to be reported in another paper. The substances that sensitize 
can also desensitize, and, by inference, the substance that sensitizes most 
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strongly can also desensitize most effectively. It would appear that 
chemically-killed tubercle bacilli afford a promising antigen for desensi- 
tization work. 


SUMMARY 


The present study was undertaken to determine the sensitizing powers 
of killed tubercle bacilli and other products. Many protocols were 
carried out but only thirteen are included as typical of the others. ‘They 
cover sensitization with (1) living bacilli, (2) heat-killed bacilli, (3) 
chemically-killed bacilli, as (a) carbol-fuchsin-killed bacilli and (b) 
ether-killed bacilli, (4) light-killed bacilli, (5) tuberculins, and (6) tu- 
bercle-bacillus protein. The most efficient allergens found were (1) 
living bacilli and (2) bacilli killed by certain chemicals, as carbol-fuch- 
sin or ether. 


CONCLUSIONS 


{. From the results obtained in this study and from those of other 
workers, the conclusion appears to be warranted that tubercle-bacillus 
filtrates, such as the tuberculins, and proteins derived from them, are 


all ineffective for the production of sensitization in guinea pigs when 
tested by the O.T. intracutaneous skin reaction. 

2. Killed tubercle bacilli are effective sensitizers under certain con- 
ditions. Light-killed tubercle bacilli were found to be less efficient than 
heat-killed bacilli, while bacilli killed by certain chemicals, such as car- 
bol-fuchsin or ether, were the most efficient. 
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EXPERIMENTAL TUBERCULOSIS BY INTRACEREBRAL 
INOCULATION 


Studies of the Subsequent Morphological Reactions! 


WILLIAM H. FELDMAN 


In the course of certain studies pertaining to the susceptibility of the 
dog to infection with the avian variety of Mycobacterium tuberculosis 
considerable difficulty was experienced in inducing the disease by the 
usual inoculation procedures. On the suggestion of Rosenow attempts 
were made to transmit the disease by the intracerebral method of inocu- 
lation by which method he had inadvertently induced tuberculosis in a 
number of monkeys. 


TECHNIQUE OF INOCULATION 


All injections were made with the animal under light ether anaesthesia. 
With sharp scissors the hair (or feathers) was cut close to the skin over 
that part of the cranium which covers the cerebrum and the field was 
cleansed thoroughly with alcohol, 80 per cent. A point was selected 
slightly lateral to the median line and the cranium was carefully per- 
forated. The perforation was accomplished in dogs, swine and cats with 
a sterile i's-inch hand-drill. The cranium of the other animals was 
readily punctured with a short, awl-like instrument. The infectious 
material was introduced through the cranial opening with a syringe fitted 
with a needle of 25-gauge and of sufficient length to insure the placing 
of the injected material within the substance of the cerebrum. Care 
was taken to avoid traumatizing the vessels at the base of the brain. 


EXPERIMENT 1 


As a preliminary study, use was made of material from a spontaneous 
case of generalized avian tuberculosis, which occurred in a barred rock 
cockerel, designated hereafter as chicken 1. Although in the liver and 
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spleen there were lesions typical of infection with tuberculosis, acid-fast 
bacilli could be demonstrated only in smears from the spleen. Sections 
prepared from the liver and spleen revealed the usual histopathological 
characteristics of tuberculosis. 

Preparation of the Inoculum: Approximately 5 gm. of the liver was 
emulsified with sterile solution of sodium chloride and strained through 
several layers of cheese-cloth. The filtered emulsion then was used to 
prepare cultures by Corper’s sulphuric acid-potato method (4), (5) and 
for the injection of animals (table 1). 


TABLE 1 


Summary of data concerning inoculation with emulsion of liver from chicken 1 


QUANTITY 


J 
INJECTED ROUTE OF INJECTION RESULTS 


ANIMAL RECIPIENT 


Chicken 2 : Intracerebral Died after thirty-three days; lesions* of brain 
Chicken 3 : Vein of wing Died after thirty-four days; lesions of liver and 
spleen 

Rabbit 1 : Intracerebral Died after thirteen days; extensive lesions of 
brain 

Rabbit 2 : Subcutaneous | Killed after one hundred and thirty-three days; 


evidence of bronchopneumonia; no_tuber- 
culous lesions 

Guinea pig 1 . Intracerebral Died after twenty days; lesions of brain, spleen 
and liver 

Guinea pig 2 .0 | Subcutaneous | Died after one hundred and ninety-eight days; 
purulent orchitis present; no tuberculous 
lesions 


* Unless otherwise stated the word “lesions” refers to anatomical changes of a tuber- 


culous nature. 
+ Animal had been partially paralyzed for three weeks. 


Pathological Anatomy: In none of the animals that died after the 
injection in this experiment were there demonstrable gross lesions signifi- 
cant of tuberculosis. The tuberculous lesions were revealed only in 
the histological preparations. Briefly, the histopathological changes 
were as follows: 

In chicken 2 (0.4 cc. intracerebrally, died in thirty-three days) the 
brain was the only organ preserved for section. The organ possessed 
multiple focal accumulations of mononuclear cells characteristic of the 
early formation of tubercles (figure 1). Giant cells were few and necrosis 
or calcification was not apparent. The lesions, which were sharply cir- 
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cumscribed, were confined largely to the submeningeal region and only 
occasionally did a lesion appear in the substance of the brain except in 
the sulci, many of which were entirely filled with proliferating cells. 
Sections stained by carbol-fuchsin revealed enormous numbers of acid- 
fast bacilli throughout the lesions. 

In chicken 3 (1 cc. intravenously, died in thirty-four days) the liver 
and spleen possessed an exceedingly large number of early miliary 


tubercles. 


Fic. 1. Multiple submeningeal tubercles of chicken 2. Intracerebral injection of emulsion 
of liver from a case of spontaneous avian tuberculosis was fatal in thirty-three days. (X 87.) 


In rabbit 1 (0.45 cc. intracerebrally, died in thirteen days) examination 
of the liver, lungs and spleen failed to disclose lesions. In the brain, 
however, were extensive lesions under a considerable portion of the pia 
mater. The lesions near the surface of the brain were circumscribed and 
were undergoing caseation, whereas those in the sulci were diffuse in 
nature and actively proliferative. Most of the lesions were perivascular 
in site. Preparations stained with carbol-fuchsin revealed moderate 
numbers of acid-fast microérganisms throughout the lesions. 

In rabbit 2 (1 cc. subcutaneously, dispatched in 133 days) the liver, 
brain and spleen were without significant changes. Lesions of purulent 
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bronchopneumonia were apparent throughout the anterior lobe of the 
right lung. Examinations for acid-fast bacilli were negative. 

In guinea pig 1 (0.4 cc. intracerebrally, died in twenty days) lesions 
were not found in the lungs. Multiple foci of proliferative monocytic 
cells were generally distributed throughout the spleen and well-defined 
giant cells were present in moderate numbers. Retrogression had not 
become evident. A few acid-fast bacilli were found in sections of the 
spleen stained with carbol-fuchsin. In the liver were extensive fatty 
changes of an infiltrative nature and many proliferative foci of mononu- 


Fic. 2. Diffuse cellular reaction in sulcus of brain of guinea pig 1. Intracerebral inocula- 
tion of emulsion of liver from case of spontaneous avian tuberculosis was fatal in twenty days. 


(X 150.) 


clear cells. The proliferative lesions were for the most part in associa- 
tion with the interlobular blood-vessels and in the tissues adjacent to 
the portal canals. Giant cells were present in some of the lesions, and 
in sections stained by carbol-fuchsin were a small number of acid-fast 
bacilli. The brain was the site of an extensive mononuclear reaction 
involving the submeningeal regions and the sulci (figure 2). The central 
portions of some of the larger lesions were undergoing caseation necrosis, 
but giant cells were not in evidence. Large numbers of acid-fast bacilli 
were demonstrated by the carbol-fuchsin stain (figure 8 a). 
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Nothing was found in guinea pig 2 that is worthy of comment in the 
text. 


EXPERIMENT 2 


The fact that in experiment 1 one guinea pig and one rabbit, both of 
which were injected intracerebrally, had died with definite lesions of 
tuberculosis after twenty days and thirteen days respectively made it 
desirable to extend the observations to a series of animals injected intra- 
cerebrally with a micro6érganism of human origin. 


TABLE 2 
Summary of data concerning inoculation with a culture of organisms obtained from a human being 


QUANTITY 


INJECTED ROUTE OF INJECTION RESULTS 


ANIMAL RECIPIENT 


Guinea pig 3 ve Subcutaneous | Killed after forty-one days; generalized lesions 
Guinea pig 4 ‘ Subcutaneous | Died after fifty-five days; generalized lesions 
Guinea pig 5 : Intracerebral Died after seventeen days; lesions of brain 
Guinea pig 6 : Intracerebral Died after nineteen days; lesions of brain and 
spleen 


TABLE 3 


Summary of data concerning inoculation with material from spleen of guinea pig 3 


QUANTITY 


INJECTED ROUTE OF INJECTION RESULTS 


ANIMAL RECIPIENT 


Chicken 4 : Intracerebral Died after fifty-six days; lesions of brain 

Chicken 5 ; Intracerebral Killed after one hundred and thirty-six days; 
lesions of brain 

Chicken 6 : Vein of wing Living after one hundred and thirty-six days 
Chicken 7 Subcutaneous | Living after one hundred and thirty-six days 
Guinea pig 7 : Intracerebral Died after eighteen days; smears from brain and 
spleen were positive 


Source of Human Culture: Cultures were obtained from the spleen of 
a guinea pig, which eight weeks previously had received injections of 
material that had been secured by catheterization from the kidney of a 
human being. The cultures were made by Corper’s sulphuric-acid method 
on Petroff’s egg medium and on Corper’s potato medium. Microérgan- 
isms approximately six weeks old were suspended in sterile solution of 
sodium chloride. The resulting suspension had a density comparable 
with that in tube 9 of the McFarland nephelometer. This was used for 
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injection of a series of four guinea pigs, two subcutaneously and two 
intracerebrally (table 2). The spleen of guinea pig 3 was emulsified, and 
the emulsion was filtered through cheese-cloth, after which it was used 
to inoculate a series of four chickens and one guinea pig (table 3). 

Pathological Anatomy: In experiment 2 the only animals of those which 
received injections of material from the human being in which gross 
lesions were found at necropsy were guinea pigs 3 and 4. In these 
animals injection had been by the subcutaneous route. In each of these 
animals the usual lesions which follow subcutaneous inoculation with 
virulent bacilli of tuberculosis of man were apparent. Morbid changes 
were visible in the liver, spleen and lungs. The pathological histology 
of the lesions of the animals succumbing to the intracerebral inoculations - 
was as follows: 

In guinea pig 5 (0.4 cc. intracerebrally, died in seventeen days) the 
liver, spleen and lungs were unsuited for microscopic examination. The 
brain, likewise, was altered by postmortem changes, but very definite 
proliferative lesions could be discerned readily. They were confined to 
the submeningeal region and extended into the sulci. The cells had a 
rather diffuse deposition and were not arranged in definite foci. By the 
carbol-fuchsin stain it was possible to demonstrate enormous numbers of 
acid-fast bacilli among cells constituting the lesions. 

Smears made directly from the substance of the brain, lung, liver and 
spleen of guinea pig’6 (0.4 cc. intracerebrally, died in nineteen days) were 
all negative for acid-fast bacilli when appropriately stained. Sections 
of kidney, lung and liver failed to reveal significant lesions. Many of 
the splenic corpuscles were in the process of being replaced by early 
formation of tubercles, among the cells of which could be demonstrated 
a few acid-fast bacilli. The lesions of the brain were confined to a few 
sulci, with only slight evidence of changes under the peripheral meninges. 
Proliferative cellular accumulations were present in one of the lateral 
ventricles as irregular nodular elevations. Giant cells were not seen 
and necrosis was not evident. Sections of the brain stained by carbol- 
fuchsin revealed such large numbers of acid-fast bacilli that the various 
bacterial clumps could be seen easily with the low power of the micro- 
scope (X 80). 

The lungs, liver and kidneys of chicken 4 (0.15 cc. intracerebrally, 
died in fifty-six days) were without demonstrable lesions of tuberculosis. 
The spleen was not available for sectioning and consequently was not 
studied. Sections of the cerebrum revealed many small nodular tuber- 


WILLIAM H. FELDMAN 


=x ots 


Fic. 3. Multiple tuberculous lesions under the cerebral pia mater of chicken 4. Intra- 
cerebral injection of splenic emulsion containing bacilli of tuberculosis of human origin was 
fatal in fifty-six days. (X 150.) 
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Fic. 4. Solitary tubercle under the pia mater of the cerebellum of chicken 4. (X 150.) 
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cles, rather definitely circumscribed, on the surface of the brain just 
under the pia mater. About two-thirds of the diameter of the respective 
nodules projected above the surface in a very striking manner (figure 3). 
A few of the sulci were similarly involved and lesions of the same nature 
also were present in the ventricles. None of the lesions revealed giant 
cells or necrobiotic tendencies. Large numbers of lymphocytes were 
present around certain of the tubercles. The lesions in the cerebellum 
were few but very definite. They were similar to those in the cerebrum 
and were limited to the surface just under the pia mater (figure 4). A 
few of the sulci showed a mild diffuse monocytic reaction. Sections from 
various parts of the brain, which were stained with carbol-fuchsin, dis- 
closed large numbers of acid-fast bacilli among the cells of the respective 
tubercles (figure 8d). 

The only organ from chicken 5 (0.15 cc. intracerebrally, dispatched 
after 136 days) which revealed morbid changes was the brain. In one 
cerebral hemisphere there were extensive lesions consisting of large num- 
bers of solitary tubercles and conglomerate groups of tubercles, many of 
which were extensively caseated. The Jesions were confined largely to 
the cerebral substance. There was marked submeningeal lymphocytosis 
which extended into many of the sulci. Many well-defined giant cells 
were present. A moderate number of acid-fast bacilli could be seen in 
sections stained with carbol-fuchsin; the microérganisms were most 
abundant in the areas of caseation necrosis. 

Direct smears from the surface of the brain of guinea pig 7 (0.3 cc. 
intracerebrally, died in eighteen days) and from a freshly cut surface of 
the spleen were stained by carbol-fuchsin and many acid-fast bacilli 
were found in both organs. Sections were not available for a study of 
histopathological changes. 


EXPERIMENT 3 


Since previous attempts to infect the dog with the avian type of the 
bacillus of tuberculosis had failed, it appeared desirable, after reviewing 
the results obtained in experiments 1 and 2, to attempt to transmit the 
disease to dogs by injecting intracerebrally microérganisms of avian 
origin. 

Source of the Culture Used: A liver with gross lesions of typical miliary 
tuberculosis was obtained from a chicken which died as a result of spon- 
taneous infection with tuberculosis. A few grams of the liver were 
emulsified in sterile solution of sodium chloride and strained through 
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cheese-cloth, and 0.5 cc. of the filtrate was injected into a vein of a wing 
of an adult chicken which previously had been tested for tuberculosis. 
The bird that received the injection, hereafter designated as chicken 8, 
was placed in a separate cage where it died ninety-seven days later. At 
necropsy multiple miliary lesions were found distributed throughout the 
liver, spleen and lungs, and a smear made from the lesions in the liver 
revealed moderately large numbers of acid-fast bacilli. 

A portion of the liver of chicken 8 was emulsified in sterile sodium-chlo- 
ride solution and cultures were attempted by Corper’s sulphuric acid- 


TABLE 4 


Summary of data concerning inoculation with a culture of organisms of avian origin obtained 
from chicken 8 


QUANTITY 


ANIMAL RECIPIENT INJECTED 


RESULTS 


Dog 1 1.0 Died after twenty-six days; lesions in brain and liver 
Dog 2 1.0 Died after eighteen days; lesions in brain, liver and spleen 
Cat 1 0.5 Died after three days; no lesions 

Cat 2 0.5 Died after four days; no lesions 

Swine 1 (age three 1.0 Died after nine days; lesions in brain and liver 


months) 
Swine 2 (age six 0.5 Died in two days; slight lesions in brain 

weeks) 
Rabbit 3 0.6 Died after eleven days; lesions in brain, liver and spleen 
Rabbit 4 0.4 Died after two days; no lesions 
Rat 1 0.4 Died after thirty-seven days; lesions in brain, liver and 

spleen 

Rat 2 O22 Died after forty days; lesions in brain, liver, spleen and lungs 
Guinea pig 8 0.2 Died after fifty-seven days; lesions in brain, liver, spleen, 


lung and renal lymph node 


potato method. Five weeks later discrete whitish colonies appeared, 
which, when examined, were found to be pure cultures of acid-fast bacilli. 
Subtransfers resulted in a moist smeary growth, which developed luxur- 
iantly within a comparatively short time, and the microdrganisms proved 
virulent in every instance when the growth was injected intravenously 
into a considerable number of tuberculin-tested fowls, but failed to pro- 
voke demonstrable lesions when injected intravenously into a series of 
four dogs. 

Four chickens received intravenous injections of a suspension of a 
culture from chicken 8 and died with generalized miliary tuberculosis. 
From the liver of each acid-fast bacilli were isolated by Corper’s sulphuric 
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acid-potato method. Later these were transferred to Petrofi’s egg 
medium, and after a lapse of thirty days a composite suspension was 
prepared as follows: The growth from one slant of each of the above, 
together with that from one slant of the original culture from chicken 8, 
was washed from the surface with sterile solution of sodium chloride and 
filtered through sterile gauze. The resulting suspension was standard- 
ized to a density corresponding with that of tube 9 of the McFarland 
nephelometer and was used for animal inoculation within five hours after 
its preparation. 


Fic. 5. Solitary mononuclear reaction in substance of cerebrum of dog 1. Intracerebral 
injection of bacilli of tuberculosis of avian origin was fatal in twenty-six days. (X 285.) 


For control purposes a variety of species of animals received injections 
on the same day with portions of the same emulsion used to inoculate 
the dogs. All injections were intracerebral (table 4). 

Pathological Anatomy: The only apparent gross lesions in dog 1 (1 cc. 
intracerebrally, died in twenty-six days) were those of marked cerebral 
meningitis. By microscopic examination lesions of a tuberculous nature 
could not be demonstrated in sections of the lung, prostate gland, pan- 
creas, kidney or thyroid gland. Although there was not a definite tissue 
reaction in the spleen, a smear stained with carbol-fuchsin revealed a few 
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Fic. 6. Diffuse cellular reaction in sulcus of brain of dog 1. The central portion of the 
lesion is undergoing caseation necrosis. (xX 150.) 


Fic. 7. Multiple foci of proliferating mononuclear cells in liver of dog 2. Intracerebral 
injection of bacilli of tuberculosis of avian origin was fatal in eighteen days. (X 150.) 
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small clumps of acid-fast bacilli. A moderate number of circumscribed 
accumulations of mononuclear cells was present in the liver, the majority 
occupying a perilobular position. A very few acid-fast bacilli were 
found among the proliferating cells of some of the lesions. Hyperaemia 
was present throughout the organ. 

There was only a slight mononuclear reaction in the meningeal covering 
of the brain, although in the sulci there was extremely active prolifera- 
tion of this variety of cell. Small, multiple, focal lesions also were 
apparent within the substance of the cerebrum (figure 5). The majority 
of lesions exhibited a predilection for the perivascular spaces which was 
most noticeable in the intracerebral reactions. Considerable caseation 
necrosis was in evidence in the lesions in the sulci, but calcification was 
not seen and giant cells likewise were absent (figure 6). By appropriate 
staining, large numbers of acid-fast bacilli were to be seen among cells 
constituting the reactive process.” 

On gross examination the only pathological alterations seen in dog 2 
(1 cc. intracerebrally, died in eighteen days) were those of extensive 
fibrinous cerebral meningitis and beginning solidification of one lung. 

An early pneumonic process was evident in the lung. There were no 
changes ‘significant of tuberculous infection and acid-fast bacilli could 
not be demonstrated. 

The spleen was practically normal except for what appeared to be 
small, rather indefinite accumulations of mononuclear cells confined 
largely to the splenic corpuscles. A few acid-fast bacilli could be demon- 
strated among these cells. 

On microscopic examination, the liver possessed an enormous number 
of discrete young proliferative accumulations of mononuclear cells which 
were not limited to any particular part of the respective lobules (figure 7). 
Neither necrosis nor giant cells were part of the picture. A few acid- 
fast bacilli were demonstrated among the cells of the lesions after pro- 
longed search. 

The most striking pathological alteration present in the brain was 
intense perivascular proliferation of mononuclear cells. This process 
was most pronounced in the sulci; the substance of the brain was practi- 


cally exempt. Necrosis was absent and giant cells were not seen. Num- 


2 Acid-fast bacilli were isolated from an emulsified portion of the liver of dog 1. A chicken 
hereafter designated as chicken 9, which received an intravenous injection of 0.5 cc. of the same 
emulsion, was killed eighty days later and well-defined lesions of tuberculosis were revealed 
in the liver and spleen. 
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erous acid-fast bacilli were distributed throughout the lesions (fig- 
ure 8c). 

Cat 1 and cat 2 (each received 0.5 cc. intracerebrally, died in three and 
four days respectively) each revealed acute cerebral meningitis, but micro- 
scopic evidence of a tuberculous reaction was entirely absent. Acid-fast 


Fig. 8. Acid-fast bacilli in lesions of brain following intracerebral inoculation of bacilli of 
tuberculosis: a, guinea pig 1, bacilli of avian origin (X 1350); 6, chicken 4, bacilli of human 
origin (X 1350); and c, dog 2, bacilli of avian origin (X 1350). 


bacilli could not be demonstrated in sections from the brain, liver, lung 


or spleen. 
Severe cerebral meningitis was evident on macroscopic examination in 
swine 1 (1 cc. intracerebrally, died in nine days). Other gross lesions 
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could not beseen. Thelung, spleen, and kidneys were without significant 
microscopic changes. 

A moderate number of small accumulations of mononuclear cells was 
distributed promiscuously throughout the liver, and acid-fast bacilli 
were present in the lesions. 

Under the pia mater of the cerebral surface there was an extensive 
monocytic reaction which continued into the respective sulci. There 
were no proliferative lesions within the brain substance proper, although 
there was a lymphocytic infiltration of much of the cerebral tissue. A 
few typical foreign-body giant cells were present among the monocytic 
cells constituting the lesions (figure 9). The reaction was diffuse and 
there was but slight tendency for separate tubercles to form. Mitosis 
of many of the cells could be demonstrated. When stained with carbol- 
fuchsin so many acid-fast bacilli were present as to be visible with the 
low power (X 80). Many of the mononuclear cells of the lesions re- 
vealed phagocytosis and the giant cells were loaded with bacteria. 

Necropsy of swine 2 (0.5 cc. intracerebrally, died in two days) revealed 
acute cerebral meningitis and early pneumonia. Sections from organs 
other than the brain were devoid of changes of any significance. 

There were many diffuse degenerative areas in the cerebrum. At the 
surface and in the sulci was a marked leucocytic reaction, principally 
polymorphonuclear, although many monocytic cells also were present. 
Among the cellular accumulations were large numbers of acid-fast bacilli, 
many of which were within the cytoplasm of mononuclear cells. 

The only gross lesions in rabbit 3 (0.6 cc. intracerebrally, died in eleven 
days) were those of acute cerebral meningitis. An acute oedematous 
condition of the lung was evident by microscopic examination and the 
kidney apparently was normal. 

Numerous small focal lesions, consisting of mononuclear cells, were 
present throughout the liver. In a large number of these there were 
foreign-body giant cells (figure 10). Necrosis could not be demonstrated. 
Many acid-fast bacilli were present in the lesions. 

Many well-developed focal lesions were present in the spleen. The 
splenic corpuscles were principally involved. Giant cells were not un- 
common in the lesions and acid-fast bacilli were present in goodly num- 
bers. 

There was present an extensive monocytic reaction of variable thick- 
ness just under the pia mater that covered the brain. The reaction was 
of a perivascular nature and a few foci in the depths of the cerebrum 
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Fic. 9, Giant cell in the midst of an area of diffuse mononuclear proliferation in sulcus of 
brain of swine 1. Intracerebral injection of bacilli of tuberculosis of avian origin was fatal in 
nine days. (X 660.) 


Fic. 10. Well-developed focal lesion with giant-cell formation in liver of rabbit 3. Intra- 
cerebral injection of bacilli of tuberculosis of avian origin was fatal in eleven days. (X 660.) 
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exhibited the same vascular relationship. There was caseation of a few. 
lesions in the cerebral substance, a short distance from the surface, but 
giant cells were not seen. Large numbers of acid-fast bacilli were present 
among the monocytic cells of the various foci. 

At necropsy of rabbit 4 (0.4 cc. intracerebrally, died in two days) many 
blood clots were found at the base of the brain, suggesting aggravated 
trauma. 

There was nothing of any histological significance in sections which 
were examined from the brain, liver, lung and spleen. 

Gross lesions were not apparent at necropsy of rat 1 (0.4 cc. intracere- 
brally, died in thirty-seven days). The lung and kidneys were found 
to be without significant microscopic lesions. 

Definitely tuberculous lesions were absent from the liver, although in 
a few instances there were present in the perilobular areas mononuclear 
cells in small clumps suspiciously like early tuberculous reactions. By 
staining with carbol-fuchsin, many acid-fast bacilli could be seen among 
the small groups of proliferating cells. Many of the microérganisms 
were within the cytoplasm of the hepatic cells. 

In the spleen there were enormous numbers of small, well-defined 
focal lesions. Necrobiotic changes and giant cells were absent. There 
were large numbers of acid-fast bacilli in the respective lesions. 

Lesions of the periphery of the brain were absent, but many flattened, 
plaque-like accumulations of mononuclear cells were present in the sulci 
and on the surfaces of the ventricles, among which could be demonstrated 
an excessively large number of acid-fast microdrganisms. A few focal 
lesions were to be seen in the substance of the cerebrum. 

In rat 2 (0.2 cc. intracerebrally, died in forty days) gross abnormalities 
were not apparent, and lesions were not foundin the kidney on microscopic 
examination. The histopathological characteristics of the liver, spleen 
and brain were practically identical with those seen in the sections of 
the same organs from rat 1, and in all lesions were large numbers of acid- 
fast bacilli (figure 11). In the peribronchial lymphoid tissue of the lung 
could be seen a few small proliferations of mononuclear cells, among 
which was a moderate number of acid-fast bacilli. Lesions could not be 
demonstrated in the parenchyma of the lung. 

Grossly the only lesions apparent at necropsy of guinea pig 8 (0.2 cc. 
intracerebrally, died in fifty-seven days) were small multiple grayish foci 
over the surface of the much-enlarged spleen. Smears from a freshly 
cut surface of the spleen showed enormous numbers of acid-fast bacilli. 
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There was general thickening of the interalveolar portions of the lung. 
The increased width was due to the presence of mononuclear cells, within 
many of which were large numbers of acid-fast bacilli. In the vicinity 
of the large vessels and bronchi were many typical foreign-body giant 
cells, all of which were loaded to capacity with uncountable numbers of 
acid-fast bacteria. In a few instances monocytic cells, filled with acid- 
fast microdrganisms, were to be seen among the compact strands-of con- 
nective tissue surrounding blood-vessels. By far the greatest number of 
bacteria were found in the peribronchial lymphoid tissue. There the 
microérganisms were so numerous as to be readily seen with the low 
power of the microscope ( X 80). Definite tubercles were not in the course 
of formation, the mononuclear cells being distributed throughout the 
lymphoid structure. 

There were extensive fatty changes of an infiltrative nature in the liver 
and a.large number of characteristic foreign-body giant cells appeared 
promiscuously among the hepatic cells. Some of these were single and 
others were present as clumps or conglomerate masses of giant cells. 
The interior of each giant cell was filled with uncountable numbers of 
acid-fast bacilli which made these structures stand out very prominently 
under the low power ( X 80). There was an extensive perivascular reac- 
tion around the larger blood-vessels, but focal tubercles were not seen. 

Sections of the kidney stained with haemotoxylin and eosin failed to 
reveal significant lesions except in the attached renal lymph node. In 
sections from the same block, stained with carbol-fuchsin, it was possible 
to see clumps of acid-fast bacilli in practically all of the renal corpuscles, 
with an occasional mass of microérganisms appearing adjacent to many 
of the intertubular capillaries. The bacteria occupied the cytoplasm 
of cells, the identity of which was difficult to determine. They did 
not, however, possess the morphology of the mononuclear cells seen in 
the early focal lesions described in those cases in which definite anatomi- 
cal alterations existed. Bacilli were not seen except those within the 
cells just mentioned. None was found free among the tissues, and in 
no instance was the lumen of a tubule occupied by bacteria. Many 
microérganisms were found just beneath the epithelium of the renal 
pelvis. The renal lymph node was much enlarged and the lymphoid 
tissue was practically replaced by the enormous numbers of giant cells 
present (figure 12). The interior of each of these was filled to capacity 
with acid-fast bacilli. 

Practically all of the splenic corpuscles were replaced by large con- 
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Fic. 11. Focal lesion in cerebral substance in rat 2. Intracerebral injection of bacilli of 
tuberculosis of avian origin was fatal in forty days. (X 170.) 
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Fic. 12, Large numbers of giant cells in renal lymph node of guinea pig 8. The lymphoid 
elements have been practically replaced by the vigorous tuberculous reaction. Intracerebral 


inoculation with bacilli of tuberculosis of avian origin was fatal in fifty-seven days. (X 170.) 
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glomerate accumulations of foreign-body giant cells. Many solitary cells 
of a similar kind were to be seen throughout the entire splenic pulp. 
Typical tubercles with epithelioid cells were absent. In the central por- 
tions of some of the masses of giant cells there was early caseation necrosis. 
The giant cells were so loaded with acid-fast bacilli as to present a truly 
remarkable display of these organisms. 

Under the pia mater of the cerebrum and extending into the sulci was 
a marked diffuse mononuclear reaction. In the substance of the brain 
were many evidences of perivascular mononuclear proliferation. A few 
lymphocytes were present among the larger collections of reacting cells. 
Giant cells were not seen. Acid-fast microdrganisms were present in 
great numbers within the cytoplasm of the mononuciear cells; practi- 
cally every cell was occupied by uncountable numbers of bacteria. Very 
few of the bacilli were extracellular. The cerebellum was not so exten- 
sively affected as the cerebrum; there was but a slight meningeal reaction 
on the surface and the sulci were but moderately involved. Large num- 
bers of acid-fast microdrganisms were present, however, and, as in the 
cerebrum, most of them were intracellular. 


COMMENT 


The possibility of using the intracerebral (intracranial) method of 
inducing experimental tuberculosis is mentioned by Calmette and by 
Baldwin, Petroff and Gardner. In each instance the procedure is barely 
mentioned and, if it has been employed in investigations pertaining to 
infection with tuberculosis, these writers failed so to state. Calmette 
did say, however, that, if the infectious material is introduced by the 
postorbital method of injection, fatal experimental meningitis may be 
produced in two or three weeks. Willis, in his recent book pertaining to 
the methods of experimental tuberculosis, did not describe the intra- 
cerebral or intracranial procedure. Apparently the possibility of produc- 
ing tuberculosis by the introduction of tuberculous material directly into 
the substance of the cerebrum heretofore has received but slight atten- 
tion. The results obtained in the relatively small series of animals used 
in the preceding experiments would encourage one in the belief that the 
procedure offers a means of initiating a type of infection which is often 
rapidly fatal and in which definite anatomical alterations can be demon- 
strated in many of the tissues. 

That the susceptibility of the various species to infection with tuber- 
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culosis varies with the type of bacilli has been generally recognized for 
many years. This biological difference constitutes the basis of what is 
considered the most reliable procedure for differentiating the respective 
types of tuberculous infection. The soundness of this means of separat- 
ing and identifying the different bacillary types of the disease has been 
established by a large amount of investigational work extending over a 
long period of time. It would seem superfluous, therefore, to assemble a 
complete review of the literature concerning these well-recognized facts 
since the ground previously has been covered by many writers. Perhaps, 
however, a few observations taken from the extensive literature might 
be apropos in view of the fact that insusceptibility does not appear to 
be absolute providing the infective material is introduced intracerebrally. 

Moore conducted a series of experiments dealing with the pathogenesis 
of avian tuberculosis and was unable to produce lesions of tuberculosis 
in guinea pigs inoculated subcutaneously and intraperitoneally with 
emulsions of tuberculous chicken livers and spleens which contained 
large numbers of acid-fast bacilli. Likewise, guinea pigs inoculated in a 
similar manner with a culture of avian bacilli of tuberculosis in glycerine- 
broth failed to cause lesions to develop. Moore also was not able to 
infect rabbits with avian material when it was injected into the abdominal 
cavity. He attempted to infect chickens by feeding them enormous 
amounts of sputum rich in the causative microérganisms from human 
beings with tuberculosis, but with negative results. Also his attempts to 
provoke lesions in chickens, injected intraperitoneally with a culture in 
glycerine-broth of bacilli of the human variety of tuberculosis, were not 
successful. Control guinea pigs all died with the usual lesions of tuber- 
culosis, attesting the mammalian nature of the microérganisms used in 
this phase of Moore’s experiments. 

In discussing avian tuberculosis de Jong mentioned that he was never 
able to produce tuberculosis in chickens by inoculating them with bacilli 
of tuberculosis from mammals. He said that, although some of the fowls 
succumbed after many weeks in an emaciated condition, lesions of tuber- 
culosis were absent and bacilli of tuberculosis could not be demonstrated. 
Pansini tried in vain to produce a generalized infection in chickens with 
sputum from tuberculous human beings, but did succeed in inducing 
with regularity localized lesions of tuberculosis by scarification of the 
comb with tuberculous sputum. 

Calmette concluded that avian tuberculosis is transmissible to mam- 
mals but has slight tendency to produce in them acute generalized dis- 
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ease. Baldwin, Petroff and Gardner regard the guinea pig as insuscep- 
tible. Van Es and Schalk gave intravenous injections of infectious 
material of bovine and human origin to a large series of chickens, and, 
although a great many of the chickens died in an emaciated state, defi- 
nitely tuberculous lesions were present in only one chicken. Bacilli of 
tuberculosis, however, were demonstrated in the organs of several of the 
chickens, and this fact led these workers to suggest the “‘possibility that 
birds may serve as intermediary carriers and transmitters of mammalian 
tuberculosis.”” Cobbett emphasized the susceptibility of the rabbit to 
the avian type of the bacillus of tuberculosis and remarked that the guinea 
pig, when injected with large doses of the microérganism, may harbor 
large numbers of the bacilli in the spleen but that ‘‘caseation or tubercle 
formation” is absent. He maintained that under no circumstances does 
the avian type of the bacillus infect the dog. Loewenstein emphasized 
the insusceptibility of the guinea pig for bacilli of tuberculosis of avian 
origin in differentiating the respective bacillary types of tuberculosis by 
animal inoculations. 

Mohler and Washburn found that guinea pigs exhibited progressive 
wasting after inoculation with bacilli of tuberculosis of avian origin but 
at death ‘‘characteristic necrotic foci” were absent, although large num- 
bers of bacilli of tuberculosis could be seen in the lungs, liver, spleen and 
kidneys. 

Weber and Bofinger, after studying the relationship between avian and 
mammalian bacilli of tuberculosis, were certain that it was impossible 
to infect fowls by bacilli of tuberculosis of mammalian origin regardless 
of the method of inoculation. 

Judging from this brief and incomplete résumé of the literature con- 
cerning the susceptibility of the various species of animals to the different 
types of bacilli of tuberculosis, it seems to have been established by ex- 
perimental evidence that animals react differently to the different types 
of bacilli of tuberculosis and that certain species are at least relatively 
insusceptible to infection when inoculation is effected by such procedures 
as feeding or by the introduction of the infectious material intravenously, 
intraperitoneally or subcutaneously. From the work constituting the 
basis of this paper, it appears that such animals as the guinea pig and 
dog, which successfully resist the avian type of infection when inoculated 
by the usual experimental methods, develop as a consequence of an 
intracerebral injection a form of the disease which may be rapidly fatal 
and which is widespread in its distribution. Whether bacteriaemia 
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ensues has not been determined. There are, however, well-established 
histopathological reactions in the various tissues which leave no doubt 
concerning the ability of the bacilli of tuberculosis to disseminate widely, 
with the brain as the initial focus. The development in the brains of 
chickens 4 and 5 of striking microscopic lesions of tuberculosis, following 
the intracerebral introduction of bacilli of human origin, further suggests 
that the brain offers an avenue of relatively slight resistance to the various 
types of bacilli of tuberculosis. 

The large numbers of bacilli present in the suspensions which were 
prepared from the bacterial cultures in experiments 2 and 3 may have a 
significant bearing on the subsequent results. The suspensions were 
purposely made heavy in order to provoke a possible reaction, and it is 
not claimed that comparable results would be obtained if a minute 
dosage were employed. 

All the animals used in these experiments were mature adults with 
the exception of the swine. Swine 1 was approximately three months of 
age, whereas swine 2 was approximately six weeks of age. 

It is recognized that there are several points pertaining to this investi- 
gation on which the data are incomplete and indefinite. Further work 
is contemplated, with a larger number of animals, by which it is hoped 
to determine the exact value of the intracerebral method of experimental 
tuberculosis as it pertains to the respective species. So far as complete 
data are concerned, this paper must, therefore, be considered as a pre- 


liminary report. 


SUMMARY 


By the intracerebral method of injection the resistance of many of the 
experimental mammals to bacilli of tuberculosis of avian origin is but 
relative and such animals as dogs and guinea pigs which are usually 
considered to be exceedingly refractory to infection with avian bacilli of 
tuberculosis may develop well-defined lesions of the disease, when the 
infectious agent is introduced by this route. There is evidence that the : 
disease develops with much greater rapidity when the infection is in- 
duced intracerebrally as compared to the intravenous or subcutaneous 
routes of inoculation. 

The pathological process induced by the intracerebral injection of 
virulent bacilli of tuberculosis is essentially a specific monocytic pro- 
liferation. The lesions in the brain appear to originate in the perivascu- 
lar tissues and most frequently involve the pia mater. They extend into 


422 WILLIAM H. FELDMAN 


the sulci, and occasionally focal lesions may occur in the substance of the 
cerebrum. When the infectious material is introduced into the brain, 
lesions may develop in distant organs; the liver and spleen are sites of 
predilection. The lungs are less frequently involved and in none of the 
experimental animals which received intracerebral injections were definite 
' lesions demonstrated in the kidneys. 

In two instances the intracerebral injection into chickens of bacilli of 
tuberculosis of human origin resulted in the formation of well-defined 
meningeal lesions in the brain. 

The intracerebral method of inoculation offers many interesting possi- 
bilities in experimental tuberculosis and should be worthy of trial in 
the demonstration of the causative microdrganism which may be difficult 
or impossible to demonstrate by other means. 
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In 1926 seventy-one cases of children, two years old or less and react- 
ing positively to the cutaneous tuberculin test, were reported from the 
Lymanhurst Out-Patient Department (1). From that study and others 
reported in the literature it appears that the prognosis of tuberculous infec- 
tion in infants is not as grave as it was formerly thought to be. It also 
appears that a positive tuberculin test in children up to two years of age 
does not necessarily point to an active clinical tuberculous process. 
Observation showed that 95.7 per cent of the children with positive 
tuberculin tests gave histories of exposure to tuberculosis. The majority 
of the infants we reported had not become ill with tuberculous disease. 

In the present study we are reporting 532 infants two years old or 
under, most of whom were examined in the Lymanhurst Out-Patient 
Department. Of this number 296 were found to be negative to the cu- 
taneous tuberculin test on first examination, although the history showed 
that 233 had been exposed to tuberculosis. The remaining 236 children 
gave positive reactions. 

For the most part the epidermal test was employed. Willis (2) and 
others have shown that the results of the epidermal and intracutaneous 
tests are nearly parallel during the first two or three years of life. How- 
ever, this is not true beyond these years. We have attempted to trace 
all the children who reacted positively to tuberculin on the first exami- 

nation, as we were desirous of learning something of the relationship be- 
tween the history of exposure, physical signs, X-ray findings, and the 
present condition with the thought that we might also receive some aid 


in prognosis. Of the total number, sixty-four have not been traced. 


1 From the Departments of Preventive Medicine and Internal Medicine, University of 
Minnesota, Minneapolis, Minnesota. 
2 Prepared with the aid of a grant from the Medical Research Fund of the University of 


Minnesota. 

3 Presented in part before the Annual Meeting of the Southwestern Medical and Surgical 
Association, Albuquerque, New Mexico, November 10, 1928, and the fourteenth annual 
meeting of the American College of Physicians, Minneapolis, Minnesota, February 12, 1930. 
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However, we believe it will be possible later to trace a fair percentage of 
them. 

Of those traced, we were greatly pleased to find that only six have died 
of tuberculosis, four of whom had tuberculous meningitis. A few have 
developed tuberculous processes involving bones and joints and cervical 
lymph nodes, but the vast majority are now living and apparently well. 
(Tables 1 and 2.) In most cases we have had the children return for 


Pulmonary 
tuberculosis 
(primary 
lesion] 


Fic. 1. R. S. Age 6 months. Made from roentgenograph taken November 5, 1923. 
Tuberculous process, left upper lung field. Mother suffering from tuberculosis. Pirquet 
test definitely positive. 


rather frequent examinations. Ina few instances, however, this has been 
impossible because parents do not see the necessity of such reéxamina- 
tions. For example, one mother stated that she did not believe in the 
tuberculin tests, and therefore would not bring her child for further 
examinations. One father said that, as long as his boy did not have 
night-sweats, he felt there could be no tuberculosis, but would return 
as soon as they occurred. Such children have been observed in the 
home, but recent complete examinations have been impossible. 
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TABLE 1 


HISTORY OF EXPOSURE X-RAY F.NDINGS 


NUMBER OF 
CASES 


PRESENT AGE PRESENT CONDITION 


Positive 
Questionable 


nths and under 
1 1 to 6 years 8 good health 
1 died 

2 not traced 


Females 6 months and under 
iz} 1 0 1 to 6 years 8 good health 
5 not traced 


Males 7 to 12 months 
23 1| 4| 1to7 years 19 good health 
2 died 

7 not traced 


Females 7 to 12 months 
12 1} 6| 1to7 years 13 good health 
3 died 

3 not traced 


Males 13 to 18 months 
13 1| 5] 2to7 years 11 good health 

1 otitis media 

3 sent to sanatorium 

1 cervical node 

1 died 

2 not traced 


Females 13 to 18 months 
24 0| 5| 2to8 years 22 good health 

1 tuberculous knee 

1 died 

5 not traced 


Males 19 to 24 months 
34 4114] 2to9 years 33 good health 

1 in sartatorium 
18 not traced 


Females 19 to 24 months 
53 5 | 7 | 2 to9 years 38 good health 
1 tuberculous ankle 
2 in sanatorium 
2 died 

22 not traced 


Totals 
236 


| 
E 
213 
Males 6 mo 
13 | 10] 3] 
i9 | 18] 1 
| 
29 | 26| 3 
52 | 43] 3 
65 | 55| 5 | 
| 
195 | 22 19 | 180 14 | 42 | 
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Among the group of 24 girls and boys six months old or younger, six- 
teen were found to be in good health. One boy whom we first saw in 
November, 1923, at the age of six months developed a definite infiltrative 


TABLE 2 


X-ray findings on first examination 


NUMBER 


EXPOSURE 


PHYSICAL SIGNS 


Positive 


Questionable 


Negative 


Positive Negative 


PRESENT CONDITION 


Hilum enlargement 


26 


0 26 


11 good condition 
3 to hospital, now in good 
condition 
1 hospital now, good condition 
3 died, tuberculosis 
1 accidental death 
7 untraced 


Pulmonary 


or pleural involvement 


6 2 


5 good condition 
1 Pott’s disease and tuberculous 
shoulder, improving 


1 tuberculous knee, died of 
meningitis 

1 spontaneous pneumothorax, 
not traced 


Bone and joint involvement 


2 left knee; one died 
1 Pott’s disease and tubercu- 

lous shoulder, improving 
1 dactylitis; good condition 
1tuberculous ankle and 
shoulder; good condition 


LUNG FINDINGS PRESENT CONDITION 


2 pulmonary | 4 good _condi- 
disease tion 

2 negative 1 died 

1 calcified tuber- 
culosis, left 
apex 


process in the upper half of the left lung (figure 1). 
process appeared to be unchanged. In April, X-ray examination showed 
fairly definite evidence of tuberculosis of the left knee. 
sent to the Glen Lake Sanatorium, where he died in October, 1924, of 


In March, 1924, this 


This child was 


— 
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tuberculous meningitis. Of the entire group of twenty-four this was the 
only child who had positive X-ray findings on the first examination. 
Seven have not been traced. 

There were 28 boys and 19 girls from seven to twelve months of age 
with positive tuberculin reactions (table 1). Nineteen of the boys are 
in good health. There were four boys with X-ray findings which devi- 
ated from the normal. In one case there was marked enlargement of 


Enlarged bilum 


Fic. 2. A.S. Age9months. Made from roentgenograph taken April 20, 1923. Marked 
enlargement of the hilum on each side. Mother suffering from tuberculosis. Pirquet test 
definitely positive. 


the hilum on both sides (figure 2) on the first examination in April, 1923, 
when the child was nine months old. At the age of ten months this infant 
died of pulmonary tuberculosis. Another infant of eight months, when 
first examined in 1926, had considerable enlargement of the hilum on each 
side. In June, 1927, there was resolution of this process, but there re- 
mained evidence of calcification in the hilum. Since that time this child 
has not been traced. A boy of one year, whose sister had been examined 


Enlaréed 
\ 
\ 4 / 
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at Lymanhurst and was found to have pulmonary tuberculosis with posi- 
tive sputum and whose mother was a former sanatorium case, was found 
in January, 1924, to have an infiltration in the lower half of the right lung. 
It was impossible to determine at that time with a high degree of cer- 
tainty whether this was tuberculous or nontuberculous. In March of 
the same year there had been practically no change in the appearance 
of the lesion. In December, 1925, however, the parenchymal lesion had 
resolved, but there were some fibrous deposits remaining. In Septem- 
ber, 1928, further resolution had occurred, and at this tirne the epidermal 
tuberculin test, which had previously been positive, had become negative. 
This child now appears to be in excellent health. Another boy of eleven 
months presented evidence of a primary focus in the right lower lobe in 
June, 1923. He has not been traced. A boy of six and a half months, 
in whom we were unable to find any evidence of disease, died at the age of 
ten months of bronchopneumonia. The remaining seven have not been 
traced. 

Among the 19 girls from seven to twelve months of age, thirteen are in 
good health. Four had X-ray evidence of disease. Two of them had 
definite enlargement of the hilum on both sides on the first examination. 
Both died of tuberculous meningitis, one at the age of fifteen months, 
the other at the age of nineteen months. Another girl with moderate 
enlargement of the hilum on each side had X-ray evidence of a primary 
focus in the right lower lobe when first examined in May, 1924. In 1927 
the tuberculin test had become negative and remained so when applied in 
1928. This child is now apparently in excellent health. Another girl 
with moderate bilateral hilum enlargement when first examined in 
July, 1925, at the age of ten months was apparently doing very well when 
she was last examined in July, 1927. The tuberculin test remained posi- 
tive until she was killed in an automobile accident in August, 1927. 
Three were not traced. 

Our group of children from thirteen to eighteen months consists of 19 
boys and 29 girls. Among the 19 boys, eleven are now in good health. 
There were, on the first examination, three with moderate to marked 
enlargement of the hilum. Two of them were sent to the Glen Lake 
Sanatorium. One has already been discharged as arrested, and the 
other is in very good condition. The third has remained home, and the 
only complaint is that he suffers from rather frequent colds. A boy in 
whom we found no evidence of disease in July, 1927, when he was six- 
teen months old, later developed enlargement of one of the cervical 
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lymph nodes. This was lanced by the family physician and the drainage 
has persisted. As yet we have not received his diagnosis. Another 
child in whom we found no definite evidence of disease has recently 
developed otitis media. We have not yet learned from the family phy- 
sician whether this is a tuberculous process. One boy of fifteen months 
when first examined in January, 1923, did not have X-ray studies. Other 


Calcif. of tracheo- 
bronchial nodes 


1 
! 
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Calcif. in hilum 


Fic. 3. H. J. Age 14 months when first seen. Made from a roentgenograph taken 
November 8, 1927, at age of 6 years. Calcification in the apex of the left lung and tracheo- 
bronchial and hilum lymph nodes. Mother suffering from tuberculosis. Tuberculin test 


definitely positive. 


evidence was present, however, which led to a diagnosis of tuberculosis. 
This boy was sent to the Glen Lake Sanatorium where he did well. In 
October, 1928, he returned to Lymanhurst for an examination. ‘There 
was still some evidence of the residuum of a tuberculous process in the 
base of the right lung. His tuberculin test has remained positive. An- 
other boy of fifteen months, when first examined in July, 1926, with no 
definite X-ray evidence, was rated as a suspected case of tuberculosis, 
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because of prolonged exposure, etc. This child was sent to Glen Lake 
Sanatorium, and one month later died of general miliary tuberculosis 
including tuberculous meningitis. Two were not traced. 

Among the 29 girls of this group, twenty-two are now in good health. 
Five showed X-ray evidence of disease on the first examination. One of 
them had a suspected tuberculous knee in 1923. In 1927 there was X-ray 


Partial 


spontancous 


pheumo- 
thorax ---- 


Fic. 4. S. M. Age 1 year. Made from roentgenograph taken September 29, 1925. 
Partial spontaneous pneumothorax right side. Mother has tuberculosis. Tuberculin test 
positive. 


evidence of a calcified focus at the apex of the left lung, with some 
calcification in the region of the left hilum (figure 3). Her lung condition 
has remained unchanged. The tuberculous knee is being successfully 
treated, so that she is now able to walk without a brace. A girl of one 
year when first examined in September, 1925, had partial spontaneous 
collapse of the left lung (figure 4). There was a history of exposure; the 
tuberculin test was definitely positive; although the X-ray showed no 
definite evidence of pulmonary lesion she was rated as a suspected case of 
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tuberculosis. Fourteen months Jater there was no evidence of pneumo- 
thorax and her chest appeared clear. Since then it has been impossible 
to trace this child. <A girl of seventeen months when first examined in 
July, 1924, had diffuse shadows about the hilum of the left Jung. She 
was rated as a case of suspected tuberculosis. In December, 1927, these 
shadows had disappeared. She is now apparently in very good health. 
A girl of fourteen months when first examined in March, 1926, presented 


Probable calcification 
in pleura 


Thickened plevra’ 


Fic. 5. E. S. Age 14 months when first seen. Made from roentgenograph taken May 
22, 1928, when child was three years old. Calcification at the left base, with calcification at 
the left hilum. Mother suffering from tuberculosis. Pirquet test definitely positive. 


an area of increased density over the left lower lung field. In April this 
appeared to be due to pleural thickening. In March, 1927, and May, 
1928, the thickening of the pleura appeared to have increased, and now 
shows some evidence of calcification (figure 5). A girl of fourteen months 
with moderate enlargement of the hilum in October, 1925, has mani- 
fested no further evidence of disease. Her X-ray films now show what 
appears to be calcium deposits in each hilum and this child apparently 
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is in excellent health. A girl of sixteen months, seen in November, 
1925, had no definite X-ray changes, but the other findings were sufficient 
to rate her as a case of juvenile tuberculosis. She died in December, 
1925, and her physician reported the death as due to bronchopneumonia 
and juvenile tuberculosis. Five were not traced. 

Among the 52 boys from nineteen months to two years, thirty-three 
are now in good health. There were moderate to marked enlargements 
of the hilum shadows in 8 cases. Three were found to be in good health. 
One has been sent to a sanatorium where he remained for two and a half 
years with a diagnosis of hilum tuberculosis. His first examination was 
in March, 1923, when he showed rather marked enlargement of the hilum 
nodes. In 1926 there was present in the second interspace on the right 
side a shadow which in 1929 appeared to be well calcified. He is now in 
excellent condition. 

Another boy who had what was interpreted as a primary focus in the 
right lower lobe in May, 1924, was found in October, 1925, November, 
1927, and October, 1928, to show no evidence of this shadow. His 
tuberculin test was positive until October, 1928, when it was reported 
negative. 

A boy examined in May, 1922, at the age of twenty-one months was 
found to have tuberculous dactylitis involving the thumb of the left 
hand and the little finger of the right hand. At present he is apparently 
in good health. 

A boy who was examined first in May, 1925, showed an involvement of 
the left upper lobe with a questionable cavity. The roentgenologist was 
of the opinion that this represented a parenchymal tuberculosis. He was 
sent to the Glen Lake Sanatorium, where he did splendidly and was dis- 
charged about one year ago. 

A boy of two years was first seen in January, 1925. At that time there 
was marked enlargement of the hilum on the right side and a dense homo- 
geneous shadow in the right middle lobe, which had the appearance of a 
lobar pneumonia. This child was hospitalized, and at present is appar- 
ently in good health and the X-ray film shows what appears to be a healed 
primary tuberculous focus on the right side at the level of the third rib, 
thickening of the interlobar pleura between the right middle and upper 
lobes, and moderate enlargement with calcification of the hilum nodes 
on the right side. Eighteen were not traced. 

Among the 65 girls from nineteen months to two years of age, thirty- 
eight are in good health. One was killed in an automobile accident in 
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1927, but was apparently well until the time of her death. Another died 
of scarlet fever in 1923. A girl, who had had a definite and prolonged 
exposure to tuberculosis, fell and injured her ankle and shoulder at the 
age of fourteen months. She was taken to an orthopedist two weeks 
later, who made X-ray studies and found evidence of tuberculosis in the 
ankle and shoulder. She remained under his care, receiving heliotherapy 
for over a year and wearing a brace and a cast. She has been ina sana- 
torium now for approximately five years, but is doing well. 


Pulmonary tuberculosis 
(primary Icsion) 


Fic. 6. M. Z. Age 2 years. Made from roentgenograph taken September 18, 1923. 
Pulmonary involvement, left upper lobe. Mother died from tuberculosis three weeks before 
first examination. Pirquet test markedly positive. 


One child who was examined in 1927, and in whom we found no evi- 
dence of tuberculous disease, developed a severe cold in the winter of 
1928. An abscess appeared on the neck, which was operated on in a 
private hospital and the child has apparently been in excellent health 
ever since. We have not yet been able to determine from the hospital 
the nature of the abscess. 

A child who was examined in 1926 later developed a tuberculous cervi- 
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cal adenitis with a draining sinus. She was sent to a sanatorium, where 
the sinus has healed well. Her general condition has improved splendidly 
but she is still in the institution. 

Two girls of this group showed moderate enlargement of the hilum 
nodes on the right side. There was a history of definite and prolonged 
exposure in both cases. We were unable to find any other cause for the 
enlargement. One of them was examined in 1925, but has not been 
traced. The other is enjoying good health. 


Fic. 7. M. Z. From chest of same child as seen in fig. 6. Made from roentgenograph 
taken April 18, 1929. Calcified focus in 2nd interspace on the right side. Calcifications in 
the hilum lymph nodes on the same side. This child is apparently well. 


In three girls the X-ray examination revealed moderate to marked 
enlargement of the hilum on each side. Each had been subjected to pro- 
longed exposure. One whose first examination was made in January, 
1927, was found to be in excellent condition in November, 1928. An- 
other examined in November, 1927, has not been traced since December, 
1927. The third was seen in January, 1928, when she was rated a 
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tuberculosis suspect. She was in good condition in September of the 
same year. 

A girl of two years was first examined in September, 1923. Her 
mother had died of tuberculosis three weeks before, and there was a his- 
tory of prolonged exposure. At that time she had tuberculosis involving 
the right upper lobe. The hilum was definitely enlarged on each side. 
She was placed in the Sheltering Arms Home after the death of her 
mother, where she was quite ill for a time. Her symptoms gradually 
disappeared and she began to gain. She is now seven years old and 
attends school regularly. Her X-ray films show evidence of calcified and 
fibroid tuberculosis in the right upper lobe (figures 6 and 7). 

Another girl of two years, examined in 1923 after a prolonged exposure, 
had changes from the normal over the right upper chest. From an X-ray 
point of view it was then impossible to determine whether this represented 
a pulmonary or a pleural involvement or both. The history showed that 
this child had been well until the age of eighteen months, when she had 
scarlet fever followed by pneumonia. After recovery from the pneu- 
monia she contracted a severe cold. She was sent to the Lymanhurst 
ward and from there transferred to the Glen Lake Sanatorium, where she 
is still in residence and is in excellent condition. 


DISCUSSION 


Exposure and Infection: A fairly high percentage of the 532 infants in 
our group were brought to us because of exposure, but 233 such cases on 
first examination reacted negatively to tuberculin. Had tubercle bacilli 
failed to gain entrance to these infants’ bodies, were their bodies able to 
cast off the tubercle bacilli before they became fixed and invaded the 
tissues, or was the infection so recent that a hypersensitiveness to tuber- 
culin had not yet developed? These are questions that are difficult to 
answer. 

There is evidence that a fair percentage of infants exposed to tuber- 
culosis patients do not become infected or at least they do not react 
positively to tuberculin. Not infrequently, in examining a family of ex- 
posed children, one or more will be found to react negatively and, cu- 
riously enough, the negative reactors may be those who have been in most 
intimate contact with the tuberculosis patient, perhaps sleeping every 
night with a tuberculous father or mother. Is it that some individuals 
will never become infected regardless of exposure? Is it that the tuber- 
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culin test is not sufficiently accurate, or is it that we do not pursue the 
exposed children sufficiently long? 

Bernard and Debré (3) believe that infants rarely escape infection if 
exposed to tubercle bacilli for six months. From a study of babies of 127 
tuberculous mothers they concluded that the infants are most sensitive 
to infection during the first two weeks of life. Seventy per cent of the 
infants of these mothers were normally developed physically and only 
14 per cent were born prematurely. Zimmermann (4) also calls atten- 
tion to the fact that a considerable number of children exposed to tuber- 
culosis patients in the same family neither contract the disease nor react 
positively to tuberculin. Wahl and Gerstenberger (5) made a study of 
a group of children, 81 per cent of whom were between six weeks and two 
years. Among the children with negative histories of exposure, 15 per 
cent reacted positively, while only 44 per cent with definite histories 
of exposure gave positive reactions. 

Benninghof (6) observed 60 infants exposed to tuberculosis in the 
family who reacted negatively to tuberculin. He compared them with 60 
exposed infants who reacted positively at the end of the first year. In 
the negative group the hygienic conditions were excellent in 41.6 per 
cent, whereas in the positive group the conditions were excellent in only 
25 per cent. Benninghof concluded that the hygienic habits of the dis- 
eased individual played the greatest réle in infection of the child. 
Barchetti (7) studied 51 infants of tuberculous mothers, and found 
that 27 per cent who were healthy at birth, and even though they were 
nursed and taken care of by their mothers for long periods of time, never 
reacted positively to tuberculin. Kreuser (8) found that one-half of the 
children exposed to tuberculosis do not develop clinical tuberculosis. 
Petschek (9) calls attention to twins who were together in the same bed 
for approximately three months. One died of caseous pulmonary tuber- 
culosis, but the other who died three weeks later was at postmorten exam- 
ination found to be free from tuberculosis. 

There is considerable evidence that it requires some time after bacilli 
enter the body before the sensitiveness to tuberculin becomes manifest 
by our present tests. Bernard (10), in a study of tuberculosis in infants, 
believes that numbers and virulence of tubercle bacilli are of much signi- 
ficance. By the use of cutaneous tuberculin tests he finds that between 
the.exposure and the development of a positive reaction there is an ‘‘ante- 
allergic” stage or an incubation period. Ina good many cases there is a 
temperature elevation and other symptoms present at the time the reac- 
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tion becomes positive. However, in some cases the infection may remain 
latent after the cutaneous test is positive. The ante-allergic stage is 
about two months in duration unless there is very intimate contact 
between the child and the mother. Under these conditions the duration 
is less. Bernard mentions that inoculations of tubercle bacilli into the 
hearts of animals have determined the relation between dosage and dura- 
tion of the ante-allergic stage. He believes that we should not avoid the 
person who occasionally expectorates tubercle bacilli, because from such 
persons we get a few bacilli occasionally which may help us to build up an 
immunity. He believes the ideal method would be an artificially 
administered immunizing vaccine. Ugon (11) reported two premature 
infants of tuberculous mothers who nursed them. Tuberculin tests were 
negative until the fifteenth and ninetieth days after birth, when they be- 
came positive. Marfan (12) states that it requires from six days to four 
months for the cutaneous tuberculin test to become positive after tubercle 
bacilli gain entrance to the body. 

Breckoff (13) tried to determine the incubation period of tuberculosis 
in the bodies of children by observing the time between exposure and 
positive reactions to tuberculin. This time he found between fifty-two 
and fifty-four days. Debré and Jacquet (14) observed three infants with 
a known date of contamination by tuberculous mothers. The tubercu- 
lin test became positive in one in six days, while the third was not positive 
until four months. The older the children were and the greater the ex- 
posure the shorter the time they found between exposure and positive 
reactions. 

Ribadeau-Dumas, Meyer and Demerliac (15) report the case of an 
infant whose mother developed galloping consumption approximately 
two weeks after the child’s birth. During the period of pregnancy the 
mother had a frank pulmonary haemorrhage. Two days after the symp- 
toms of galloping consumption began the infant was removed from the 
mother. The authors believed that it was infected from the mother’s 
sputum during these two days. Five days after the removal of the infant 
from the mother the tuberculin reaction was negative, but eleven days 
later it was strongly positive. The infant died approximately two 
months from the time the exposure was supposed to have taken place. 
Souleyre (16) observed 7 cases of tuberculosis in children and concluded 
that the disease was acquired after one to thirteen days of exposure. 
Reuben (17) states that, in cases of circumcision tuberculosis, in seven to 
fourteen days after the operation the wound ulcerates and begins to dis- 
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charge pus. Later the inguinal lymph nodes become enlarged, often 
suppurating and breaking down. 

Although a certain percentage of exposed infants react negatively to 
tuberculin, the number who become infected is so high that one of our 
problems is to prevent such exposure. When the mothers are tubercu- 
lous the incidence of infection among the infants is usually higher than 
when the fathers are diseased. Again, if the tuberculous member of the 
family is able to work so as to be away from home during working hours, 
the incidence of tuberculous infection is lower than when the member 
remains in the home. Ustevdt (18) observed 480 infants in families in 
which there was one or more cases of tuberculosis with positive sputum. 
He found that the infants in greatest danger were those whose mothers 
had tuberculosis. Stuteville (19) cites the case of an infant whose diag- 
nosis was facilitated by a history of recent exposure to a paternal grand- 
mother and a maternal grandfather. Capon’s (20) case associated with 
the mother the first twenty-five days of life. On the forty-first day the 
infant died of miliary tuberculosis and three days later the mother 
died of miliary tuberculosis. 

Bernard and Paraf (21) cite the case of an infant and a tuberculous 
mother who were separated soon after birth, but on three subsequent 
occasions the mother held the child and kissed it. Until the fifth week 
the infant reacted negatively to tuberculin, but now it became positive. 
The child developed in a normal manner. The authors call attention 
to similar cases having been reported by Unverricht, Schloss and 
Petschek, but in each case there was not less than an hour of contact. 
They also mention the fact that Calmette, Fliigge, and others have 
shown that guinea pigs may become infected by inhaling twenty to one 
hundred tubercle bacilli when these are placed directly upon the bronchial 
bifurcation. Shurlock (22) reports the case of an infant of a tuberculous 
mother who was immediately removed from the mother, but was taken to 
her room for about ten minutes nearly every day. The mother held the 
baby in her arms but did not kiss him on the lips. Nevertheless the 
child developed pulmonary tuberculosis and died at the age of about 
three months. 

Klostermann (23) studied 97 exposed infants over a period of three 
years. From the first to the third year the number of positively reacting 
children exposed to tuberculous fathers increased from 48 to 57.1 per cent, 
while those exposed to tuberculous mothers increased from 48 to 83 per 
cent. When the tuberculous member of the family was able to work, the 
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increase was from 21.1 to 33.3 per cent among the children, but when the 
tuberculous member was unable to work the increase was from 64.7 to 
80 per cent. Langendérfer (24) found that during the war 54.2 per cent 
of the children of patients with pulmonary tuberculosis had developed 
this disease. A higher percentage was diseased when exposed to the 
mothers than to any other source. The percentage was also higher in 
large families. From one to five years of age and just before and after 
the period of puberty, the incidence of and mortality from disease was 
highest. Petschek (9) states that one of a pair of infant twins remained 
free from tuberculosis while the other developed the disease and died. An 
older sister in the same home, who had fibrocaseous tuberculosis but 
appeared well, associated mainly with the infant who developed the dis- 
ease. 

Spolverini (25) observed that among 900 children under one year of 
age 7 per cent reacted positively to tuberculin. To himit is obvious that 
contact with tuberculous members in families is the most dangerous fac- 
tor. Kéffler’s (26) study showed that small children, in contact with 
patients who occasionally expectorate a few tubercle bacilli, do not show 
as great a tendency to tuberculous disease as those who are exposed to 
patients who expectorate great numbers of tubercle bacilli. Schloss (27) 
calls attention to tuberculous infection among nursing infants that was 
traced to a nurse who had advanced pulmonary tuberculosis, but had kept 
it secret. In one ward where this nurse was in charge all of the infants 
with two exceptions reacted positively to tuberculin. In another ward 
where she had only substituted temporarily 33 per cent of the infants 
reacted positively, while in the third ward where she had been for a very 
brief period only one infant manifested evidence of infection. 

One often hears the inquiry as to whether exposure to tuberculous 
infants is dangerous. Because such infants are often reported to have 
negative sputum they are thought by some to be safe associates for other 
infants and adults. Their disease is due to the tubercle bacillus, and 
though the microdrganisms are not recovered on laboratory examination 
they may discharge them previously or subsequent to the laboratory 
examination. Cozzolino (28) reports the cases of two children, one 
three months old and the other two and a half years old. He excluded 
the possibility of infection in both families from other members, but in 
each case an older child later developed tuberculous meningitis. He 
believes that these older children contracted their disease from the in- 
fants, although their sputum was negative on several examinations for 
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tubercle bacilli. Klotz (29) cites the case of an infant who he believes 
infected three adult attendants and five other children. He states that 
open pulmonary tuberculosis in infants is especially dangerous because 
of the high position and the shortness of the larynx, which favor droplet 
infection. He believes that every case with clinical signs in an infant 
should be considered open and dangerous even if tubercle ,bacilli cannot 
be found. Bratusch-Murrain (30) calls attention to the fact that in a 
great majority of cases infants are infected by adults. However, he 
reports a case in which the infection was transferred from a tuberculous 
infant to other infants in the same hospital. Stuteville’s case of an infant 
of eleven months was found to have tubercle bacilli in the sputum, which, 
of course, would make it dangerous to others. Fischl (31) is of the opin- 
ion that one sick child may infect others and that such infection may 
result from only a few hours of exposure. 

When a group of unselected infants is tested the incidence of tubercu- 
lous infection usually is quite low. Sill (32) reports 1 per cent of the 
children under one year and 1.2 per cent of the children under two years 
reacting positively to tuberculin when there was no history of exposure 
in their families. 

In an excellent study Dickey (33) found 4.6 per cent of 152 infants 
under one year of age reacting positively to tuberculin, while 13.7 per 
cent of 161 children between the ages of one and two years were posi- 
tive. He concludes that “Tuberculous infection is fairly common in 
infancy and childhood. In the absence of symptoms and roentgen-ray 
findings these patients carry the infection usually without developing 
evidence of marked disease.”’ 

Among 350 children Briining (34) found 26 per cent reacting to tuber- 
culin, 6per cent of whom were infants. In the Framingham Demonstra- 
tion Armstrong (35) showed 15 per cent of a group of 67 infants under 
two years reacting positively to the tuberculin test, whereas Sander (36) 
found only 6 per cent of 869 infants reacting positively. Nobecourt and 
Paraf (37) studied 1,296 infants and found 4.6 per cent with tuberculosis. 
They were of the opinion that systematic application of the tuberculin 
test would reveal many overlooked cases. Fischl’s (31) study of 3,550 
infants showed 14 per cent reacting positively. The incidence of infec- 
tion was much lower among the infants born in the hospital than those 
brought in from the outside. Parisot and Saleur (38) reported the results 
of their work on 1,000 children to whom the tuberculin test was applied, 
with positive reactions in 13 per cent of those under two years of age. 
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Opie (39) in postmortem examinations found tubercles in 9.3 per cent 
of the children under one year of age and in 6.2 per cent from one to two 
years of age. Lesne and Coffin (40) studied 800 infants under the age of 
two years who were in a hospital and suffering from various diseases. 
They found that 0.65 per cent of the children under three months old 
reacted positively to the tuberculin test; 11 per cent were positive from 
three to twelve months and from twelve to twenty-four months 21 per 
cent were positive. They conclude that under the age of ten years a 
negative reaction to tuberculin rules out tuberculosis except during the 
ante-allergic phase and during and immediately following an attack of 
measles. They hold that no other intercurrent infection but measles 
renders the skin reaction temporarily negative. 

In some nations the incidence of infection is still very high in infancy. 
For example, Pai and Venngopal (41) found in India that 40 per cent 
reacted positively to tuberculin by the end of the first, and 65 per cent by 
the end of the second year. 

Portals of Entry and Lesions Produced: Congenital infection evidently 
does not appear very frequently. The earlier literature on this subject 
has been discussed by Whitman and Greene (42). 

Tubercle bacilli gain entrance through the skin apparently only when 
there is an abrasion. Bartlett and Wollstein (43) call attention to that 
group of infants who acquire tuberculosis after birth through an abrasion 
or wound in the skin where a primary focus develops, and Dietl (44) de- 
scribes suchacase. Scroggie (45) reported a case of primary tuberculosis 
of the conjunctiva in an infant of six months. Reuben (17) reviewed 
the literature on circumcision tuberculosis and found that 42 cases had 
been reported by different authors. Fedders (46) has recently reported 
a case. 

The digestive and respiratory tracts are the common portals of entry to 
the infant’s body. Fischl (31) reported one case with the primary focus 
in the nose and two with the focus in the middle ear. His reports were 
based upon postmortem examinations. Sarfl (47) described four and 
Kleinschmidt and Schurmann (48) three cases of tuberculosis of the mid- 
dle ear, which they believed to be primary infections. Dunham and 
Smythe (49) reported a case of an infant who had calcification of the cer- 
vical lymph nodes demonstrable on X-ray examination and positive 
tuberculin test when five months old. 

Nordmann (50) described a primary tuberculosis complex in the liver 
of an infant 113 daysold. Bartlett and Wollstein (43) point out that in 
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some cases tuberculosis is acquired through the digestive tract after birth; 
that tubercle bacilli passing through this portal of entry may findlodgment 
in the tonsils, in the mesenteric lymph nodes, in the peritoneum, in the 
lymph follicles, and in the intestinal wall. In an infant one year of age 
Dunham and Smythe (49) demonstrated calcified lymph nodes by the X- 
ray in the abdomen. At postmortem examinations Fischl (31) found 
the primary focus in the intestine in two cases. Opie (51), Wollstein 
and Spence (52), Beitzke (53), Rijssel (54), Gehrels (55), and Carson (56) 
have discussed in considerable detail primary foci in the abdomen. 
Opie (51) believes that the greater frequency of first infection in the 
mesenteric lymph nodes in England than America is due to the greater 
prevalence of tuberculosis among cattle in England. 

It is obvious that a primary tuberculous focus may appear in any one of 
a number of places in the body but the lungs and that part of the lym- 
phatic system draining them apparently is the most common site of this 
focus. Bartlett and Wollstein (43) believe that 82 per cent of the in- 
fected children under three years of age had contracted their infection 
through the respiratory tract. Tubercle bacilli are taken up by phago- 
cytes and carried to the lymph-vessels. The phagocytes may find lodg- 
ment anywhere along the bronchial tree or in the alveolar walls, or they 
may pass directly to the hilum nodes. When the bacilli find lodgment 
in the lungs these authors believe that the primary lesfon is usually a 
small nodule surrounded by a zone of tubercles. The lung adjacent to 
this may be normal or there may be in it a zone of consolidation or conges- 
tion. This primary lesion may later show a tendency to calcify. 

Ribadeau-Dumas, Meyer and Demerliac (15) reported a case of a baby 
whose primary focus at postmortem was found in an area of lobar pneu- 
monia at the base of the right Jung. Marfan (57) calls attention to the 
fact that tuberculous bronchopneumonia is fairly common in infants 
and that ulcerative tuberculosis with cavity-formation occurs more fre- 
quently than we formerly believed. Barbier, Debée, and Covanet (58) 
observed two cases of the inflammatory type of pulmonary tuberculosis 
in infants less than six months old. In one case the illness lasted only 
fifteen days while in the other it lasted about twenty days. The post- 
mortem examination revealed localized tuberculosis in the lungs. There 
was inflammation of the alveoli. The lesions differed from ordinary 
bronchopulmonary lesions in that there was an absence of the polynuclear 
cells. The authors point out that certain cases of bronchopneumonia 
in early infancy due to tuberculosis may be mistaken for ordinary septic 
pneumonia. 
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From the stage of parenchymal involvement by the primary lesion, 
even in infants, the disease often becomes latent and starts to heal. In 
some such cases the inflammatory process in the pulmonary parenchyma, 
which one may be able to demonstrate by X-ray films, clears by resolu- 
tion. The X-ray shadow may disappear completely or there may remain 
a small area which Jater takes on calcium deposits (Ghon’s tubercle). 
Usually, as clearing progresses, there is no evidence of fibrosis, but occa- 
sionally such evidence is seen on the X-ray film. Ghon (59) and later 
Ghon and Winternitz (60), from a large number of autopsies, found that 
usually the primary focus lies subjacent to the pleurain thelung. This 
primary focus drains to the region of the lymph nodes, which always 
become involved. In experimental tuberculosis Gardner (61) found the 
earliest developments of tubercles in the pulmonary parenchyma. 

Ranke (62), in discussing primary pulmonary tuberculosis in man, 
points out that the primary lesion in the lung is a round, small, often 
calcified, conglomerate tubercle, and that the lymph nodes on the same 
side become diseased. He described this from postmortem examinations 
in people of various ages, but pointed out that such foci occur more 
frequently in childhood than in later years of life. Schurmann (63) made 
observations on 1,000 bodies at postmortem, from birth to ninety-one 
years of age, to detect the primary complex of Ranke. In 88.9 per cent 
he found anatomical tuberculosis and in 96.17 per cent of such cases he 
found Ranke’s primary complex. In one body at the age of seventy-two 
he found an old primary complex, and also what he believed to be a recent 
one. There are often multiple primary foci in pulmonary tuberculosis; 
for example, Ghon and Kudlich (64) found 17 calcified foci in the lungs 
of one child. 

The primary complex of Ranke has been studied and discussed by 
numerous authors, including Simon (65), Jacquerod (66), Fassbender 
(67), Siegen (68), Kerner (69), Pagel (70) Dietl (71), Altschul and Spitz 
(72), Kebben (73), Canti (74), Lange (75), Wollstein and Spence (52), 
Konyevitis (76), Miiller and Klinckmann (77), Aschoff (78), Zimmer- 
mann (79) and Fischl (80). They have shown that in less than 1 per 
cent of cases the regional lymph nodes draining primary foci present 
no evidence of caseation or other retrogressive changes. Calcifica- 
tion in the lymph nodes they found increased with the age. Well- 
developed calcification was seen in one infant at nine and a half months, 
but attention is called to Gipel’s case with such calcification at the age of 
six months. These authors have shown that caseation without calcifi- 
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cation may remain for a long time, at least as long as four years. During 
the healing of parenchymal primary tuberculous lesions, enlargements of 
the pulmonary bronchial and tracheal lymph nodes may be demonstrated 
by X-ray; in fact, these nodes may become so large as to cause trouble in 
breathing. Stoloff (81) reports a case of a child two years old with an 
acute massive atelectasis of the lung. He believes the cause of the atelec- 
tasis to be marked enlargement of the regional lymph nodes, caused by a 
recent primary tuberculosis complex. Lemaire (82) found the ganglio- 
pulmonary form of tuberculosis in 50 per cent of fatal cases. Thirty- 
three per cent of such cases showed enlargement of the tracheobronchial 
nodes. 

This whole process, we believe, represents disease which results from 
infection. It has been given many names, such as juvenile tuberculosis, 
puerile tuberculosis, infantile tuberculosis, Ranke’s primary complex, 
hilum tuberculosis, tracheobronchial node tuberculosis, primary and 
secondary tuberculosis, etc. The American Sanatorium Association, 
at its twenty-fourth annual meeting held in Atlantic City, May 27, 1929, 
“cleared the air” by casting aside all of these terms, many of which are 
confusing, and designating the process above described as tuberculosis 
of the childhood type, although it may appear in an adult who has 
previously not been infected. 

In a considerable number of infants, after having had what appears to 
be extensive pulmonary inflammation, the disease enters upon a period 
of latency and may completely heal. Spolverini (23) has called atten- 
tion to such latency in infancy. Corica (83) found 6.6 per cent of the 
group of infants studied by him to have latent tuberculosis. Debré and 
Joannon (84) speak of a florid form of tuberculosis, which they found to 
exist in 15 per cent of tuberculous infants. The only evidence of this 
disease which they could find was positive tuberculin reaction and the 
presence of one or more enlarged lymph nodes in the chest. Their 
cases had been subjected to only brief contact. They believe that, if 
superinfection does not occur, such cases keep their tuberculosis latent or 
even heal it completely. ) 

It is quite possible for the primary focus to appear in the lymph nodes 
receiving drainage from the Jungs. Calmette (85) believes that the 
bronchial lymph nodes are very frequently the site of the primary lesion. 
Calmette and Grysez (86) showed repeatedly that when tubercle bacilli 
are placed upon the eyes of animals tracheobronchial-node enlargement 
follows cervical-node enlargement and precedes parenchymal pulmonary 
involvement. Krause (87) says, 
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The contingency of tracheo-bronchial infection and disease is not restricted 
to intrapulmonary events, much though these must always influence it. The 
tracheo-bronchials, in developing tuberculosis, will “reflect” tuberculosis, and 
respond to it, in organs and tissues other than the lungs; to tuberculosis, 
perhaps, at any place in the body. 


Again he says, 


It is beyond dispute that the lungs are infected, both primarily and metas- 
tatically, via the air-passages and the blood-vessels. It certainly cannot be 
considered as settled whether they are infected via the lymphatics; as, for 
instance, by a direct lymphatic path from nasopharyngeal and cervical adenoid 
tissue (tonsils, neck nodes) or by retrograde lymphatic passage from the hilum 
and tracheo-bronchial nodes. 


One cannot escape the fact that many infants die of tuberculosis. 
The literature abounds with references to massive and fatal types in 
infancy. This has led to the belief that the infant is very susceptible to 
tuberculosis. Krause (88) says, 


From this point of view the relatively violent and extensive fulminating proces- 
ses that are comparatively frequent in infants and members of primitive civili- 


zations cannot be regarded as the manifestations of slight defense, of over- 
susceptibility, of no immunity. They will now be interpreted as the very 
reverse. They become the expressions of relatively heavy (repeated) infec- 
tions, with tissues that are extraordinarily sensitive because little time has 
elapsed since primary infection, fibrosis is immature, and allergy has not had 
time or opportunity to wane. 


Bartlett and Wollstein (43) found general miliary tuberculosis without a 
focus demonstrable by physical signs. In such cases the miliary tuber- 
cles are in the lungs, and the spleen, the liver, and other organs were soon 
attacked. Thus the child dies of a generalized miliary tuberculosis. 
Gilkey (89), in the case of an infant who died of miliary tuberculosis at 
the age of twenty-eight days, believed that a latent congenital tuberculo- 
sis was not only possible but probable. Grant (90) reports miliary 
tuberculosis in two premature children. Angelis (91) reported 5 cases of 
acute miliary tuberculosis in infancy with great similarity to typhoid 
fever. Raimondi (92) discusses the frequency of generalized miliary 
tuberculosis in the first three years of life. He states that following influ- 
enzal infection many infants died of galloping consumption. 
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Boynton (93) showed that in the state of Minnesota from 1915 to 1926 
tuberculous meningitis caused more deaths than any other form of 
the disease in children under five years. In infants under one meningitis 
caused 64 per cent of the deaths. Second to meningitis, pulmonary 
tuberculosis was the cause of death in children under five years of age. 
Third was miliary tuberculosis. She found that lymph-node and bone 
tuberculosis were insignificant as the cause of death, although these forms 
of the disease are frequent. 

Wollstein and Spence (52), in a group of 362 cases, found 193 with 
tuberculous meningitis, 116 with pulmonary and general miliary tuber- 
culosis, 28 with tuberculous peritonitis, 12 with tuberculosis of the bones, 
10 with tuberculosis of the cervical lymph nodes, 2 with intestinal 
tuberculosis, and one with tuberculosis of the inguinal nodes. 

Cavitation in the lungs of infants is by no means infrequent. It has 
been observed by such workers as Schott (94), Poinso and Darcourt (95), 
Moll (96) and Farmer (97). A rather extensive discussion of the litera- 
ture on the subject has been presented by Siperstein and Baguess (98). 

Pleurisy occurs in infancy but apparently not with such frequency as in 
later life. Marfan (57) states that fibrinous or fibrous pleurisy occurs, 
but pleurisy with effusion he found very rare in the first year of life. He 
believes that pneumothorax at this age is more often due to other causes 
than tuberculosis. 

Krause (99) has called attention to the undeveloped state of the lymph 
nodes during the first two or three years of life, and believes that they do 
not thoroughly filter out foreign materials including microérganisms 
carried to them. ‘Thus the bacilli may rather easily reach the blood- 
stream and be widely disseminated in the infant’s body. He says, “‘In 
infancy both lymphatic vessels and lymph nodes are more open than at 
any other period during life: accordingly, much localization of infection 
in lymph nodes is the uncommon event, as meanwhile the infection 
spreads widely.” 

Thus the first infection or tuberculosis of the childhood type may prove 
fatal. One must constantly bear in mind that even the infant, after 
receiving its first infection, may, if exposed to a tuberculous person, be- 
come reinfected and develop the adult type of tuberculosis. This is one 
of the reasons why the infant should be protected from exposure even if 
the tuberculin test is positive. Unfortunately many believe that the 
infected infant is in no further danger from exposure. 
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DIAGNOSIS 


The diagnosis of tuberculosis in infancy is attended by many difficul- 
ties. Dunham (100) states that a child at any age should be regarded 
potentially tuberculous when there is a history of exposure, rapid pulse, 
low-grade fever, underweight and poor nourishment. Schloss (101) 
believes that we are overlooking the early developments of tuberculosis in 
infancy, and thus passing by the time when chances for effective treat- 
ment would have been good. 

Since Pirquet (102) made his contribution in 1907 and Mantoux (103) 
in 1908 the cutaneous tuberculin test has been extensively used, although 
authors have differed somewhat in their interpretation of the test. Von 
Ruck (104) states that a positive cutaneous reaction to tuberculin alone, 
even in very young children, is of no more clinical significance than in an 
adult. He advocates the use of the subcutaneous test if we are to obtain 
information of clinical value. Nobecourt and Paraf (37) believe that 
the tuberculin test is very important and that it will bring to light many 
cases that would otherwise not be detected. They place little emphasis 
upon symptoms and physical signs. Mioche (105) is of the opinion that a 
positive tuberculin reaction in children less than one year old is almost 
an indication of advanced tuberculous disease, and that it usually means 
approaching death. She believes that the test is better than all other 
methods of examination in infants, for it reveals disease at its beginning. 
Bratusch-Murrain (30) is enthusiastic about the tuberculin test, as he 
believes it indicates infection early, so that isolation from other infants 
may be effected before the healthy infants are exposed. Davis (106) calls 
attention to the fact that, prior to the introduction of the cutaneous 
tuberculin test, the disease was never diagnosed until clinical symptoms 
were present, which he believes explains the very high mortality figures 
previously reported. 

Schram (107) applied the Pirquet test to 500 children from 310 homes 
where tuberculosis existed. He found that in more than half the children 
infected the test was positive before they reached one year of age. Ash 
(108) found considerable difficulty in diagnosing tuberculosis in an infant 
who died at the age of twenty-five months. Although it had definite 
and prolonged exposure to the mother the cutaneous tuberculin test 
remained negative until approximately a month before the child’s death. 
This case convinced her that the test is not wholly reliable. 

Mensi (109), in studying the tuberculin reaction in infancy, found that 
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of 629 epidermal tests 26.39 per cent were positive, while of 885 intra- 
cutaneous tests 34 per cent were positive. He concludes that the intra- 
cutaneous test is harmless and more exact. Wahl and Gerstenberger 
(5) observed that with the intracutaneous test a higher percentage of 
positive reactions were obtained than was true with the epidermal test. 
Rueda (110) applied tuberculin tests to a large number of children under 
two years of age. He found that the intracutaneous is far superior to the 
epidermal test. 

The X-ray has been found of great value in the diagnosis of certain 
forms of tuberculosis in infancy. Farmer (97), in discussing ulcerative 
pulmonary tuberculosis, is of the opinion that the X-ray is the best 
method in diagnosis. Mouriquand, Chassard and Sedallian (111) call 
attention to the great importance of the X-ray in detecting miliary tuber- 
culosis. Spolverini (25), in the diagnosis of tuberculosis in infants, points 
out that tracheobronchial nodes are usually from a clinical standpoint the 
first manifest localization of the disease. He believes that the X-ray 
examination is best for locating such diseased areas. Dickey (33) found 
that the intracutaneous test and the roentgen ray are the most valuable 
aids in diagnosis. 

Laboratory examinations, particularly for tubercle bacilli, are often 
quite difficult. Armand-Delille (112) points out that the difficulty 
in the diagnosis of tuberculosis in infancy and childhood is in that 
the child does not expectorate. He finds the methods of Meunier and 
Vibert very valuable. He introduces about 80 cc. of water into the stom- 
ach and then withdraws it for examination. Swallowed sputum is ob- 
tained in this way and is studied for tubercle bacilli. He finds this 
method unusually valuable in doubtful cases. In fact he demonstrated 
tubercle bacilli in 31 per cent who had been considered only as tubercu- 
losis suspects. In some of them the physical signs and X-ray shadows 
were practically negative. He feels that this method is simpler and more 
_ accurate than the method for demonstrating tubercle bacilli in the faeces. 

Poulsen, Jensen and Husted (113) found that they rarely could demon- 
strate tubercle bacilli in infants with pulmonary tuberculosis when they 
depended upon the use of a cotton-swab for obtaining specimens of 
sputum. They call attention to the work of Armand-Delille and Vibert 
(114), who modified the method of Meunier (115) and demonstrated 
the presence of tubercle bacilli in 31 per cent of 110 cases of infants suffer- 
ing from pulmonary tuberculosis. Poulsen, Jensen and Husted (113) 
used the following technique: 
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In the morning—after the child had fasted at least six hours—the stomach was 
washed with from 200 to 300 cc. of sterile water; the wash-water was centri- 
fuged; the sediment was homogenized, stained after Ziehl-Neelsen’s method 
and examined. We did not restrict ourselves, however, to the microscopic 
examination alone; in addition we made cultures from the sediment of Petroff’s 
medium and inoculated guinea-pigs with the sediment. 


The authors insist upon the use of Petroff’s medium and finally animal 
inoculations, as their studies showed that by these last two methods a 
much higher percentage of positives was found than when the micro- 
scopic examination alone is used. 

Reuben (17) states that in circumcision tuberculosis the diagnosis 
usually can be made from sections or smears from the involved tissues or 
from guinea-pig inoculations. 

Fischl (31) believes that cough is a common symptom frequently due 
to enlarged lymph nodes causing some pressure on the bronchus. He 
also finds that skin tuberculides are of diagnostic value, and that loss of 
weight and elevated temperature should lead one to consider tuberculosis 
when other causes cannot be found. He doesnot place any emphasis on 
gastrointestinal symptoms or splenic enlargement. As far as physical 
signs are concerned, he concludes that they are very misleading; that 
even cavities are usually not detected. He shows that miliary tubercu- 
losis in infants is more frequently found at the postmortem table than by 
examinations during life. He found that the Pirquet test is not always 
reliable, perhaps because the preparation of tuberculin was not potent, 
or the child’s nutrition changed the allergy, or there was a possible 
seasonal variation such as Hamburger mentioned, or a variation due to 
different types of tubercle bacilli. Although there was a slight dis- 
crepancy between the tuberculin reaction and the postmortem findings 
in a group of cases, Fischl believes that the tuberculin test and the X-ray 
examination are extremely valuable. 

Bartlett and Wollstein (43), in discussing generalized miliary tuberculo- 
sis without a focus demonstrable by physical signs, point out that the ’ 
chief symptoms are cough, loss of weight, temperature elevation, history 
of exposure, cyanosis otherwise unexplained, and persistent bronchitis. 

Physical signs over the lungs areabsent. The X-ray, they found, usually 
shows the miliary tubercles. The tuberculin test also was very helpful. 
Tubercle bacilli are absent from the sputum in most cases. In general- 
ized miliary tuberculosis, with focus demonstrable by physical signs 
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where bronchopneumonia is present, the authors found the symptoms 
to be cough, rapid respiration, loss of weight, and fever. In the observa- 
tion of signs of cavities they were unable to differentiate, by physical 
examination, between tuberculous and nontuberculous bronchopneu- 
monia. If the bronchopneumonia was tuberculous they found the 
mediastinal lymph nodes usually enlarged by X-ray. Tuberculides are 
helpful in establishing the diagnosis. In general miliary tuberculosis 
with focal lesions in the meninges the most important symptoms are 
irritability, vomiting and drowsiness. A history of contact exposure 
is usually obtained. Physical examination of the chest may reveal no 
signs of disease or there may be signs of bronchopneumonia. The 
authors found a considerable variability of stiffness and relaxation of 
the lower extremities, and also a variability in the disturbances of the 
reflexes. A taches is nearly always present. They found tubercle 
bacilli present in the spinal fluid in 95 per cent. The number of cells in 
the spinal fluid is increased, with a predominance of lymphocytes. The 
globulin test is positive. Tuberculous peritonitis, although it does not 
occur as often under two years old as in older children, is diagnosed by a 
gradual increase in the size of the abdomen, abdominal pain and discom- 
fort, constipation and slight intermittent fever. Tuberculous masses 
may be palpated more often over the upper part of the abdomen. Fluid 
usually is not found. 

Mikulowski (116) calls attention to the great difficulties in the diagno- 
sis of tuberculosis in infancy. In tuberculous meningitis, which occurs 
most frequently during the first thirty months of the infant’s life, he 
finds that Brudzinski’s neck sign is more constant and appears earlier 
than Babinski and Kernig signs. The cheek sign and the pubic sign 
he finds may also be elicitied early in tuberculous meningitis. He calls 
attention to the importance of the study of the spinal fluid, but points 
out that this is too often delayed. He states that enlargement of 
tracheobronchial lymph nodes due to tuberculosis is easily confused 
' with enlargement following such conditions as pertussis and measles. 
He believes that Genevrier’s sign is valuable. Bronchiectasis is also 
confused with tuberculosis, in his opinion. Tubercle bacilli were some- 
times found in the stools of children who had negative sputum and were 
always found when the child’s sputum was positive. 

Dunn and Cohen (117), in a careful study of tuberculosis in infancy, 
did not make a diagnosis of tuberculosis unless one of the following was 
present: positive Pirquet test, positive finding on X-ray examination, 
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interscapular dulness, and d’Espine’s sign. In tuberculous meningitis 
they always confirm their diagnosis by lumbar puncture. They point 
out that in children under two years old a negative Pirquet reaction does 
not rule out tuberculosis. They believe, however, that a positive reac- 
tion at this age should mean a diagnosis of tuberculosis. The X-ray 
examination was given first place in diagnosis. ‘The authors usually did 
not see evidence of primary lesions in the lungs, but found evidence of 
enlargement and caseation of the bronchial lymph nodes. In their study 
the X-ray usually did not reveal acute miliary pulmonary tuberculosis, 
but in their entire group the X-ray was positive in 70 per cent, positive 
or suspicious in 89 per cent, and negative in 11 per cent. 

Special tests, such as the auto-urine, auto-serum, red-cell sedimenta- 
tion, complement fixation, etc. have been applied by workers such as 
Wildbolz (118), Westergren (119), Daranyi (120), Greisheimer, Myers, 
Peterson, Klein and Collins (121), and Hemplemann (122), but none of 
them are of any great value in the diagnosis of tuberculosis in infancy. 
Hemplemann has performed the complement-fixation test on several 
thousand children. He states that his results are strikingly constant, 
but that in infants under one year of age no positive fixation tests were 
obtained, even though the children have an obviously active tuberculosis. 
During the second year of life the test was positive in only two-fifths of 
the cases. In our diagnostic work at Lymanhurst we have found a his- 
tory of exposure, the cutaneous tuberculin test, and the X-ray examina- 
tion most valuable. 


TREATMENT 


Wallgren (123) believes that much can be done to save the tuberculous 
child through heliotherapy, codliver oil and good hygienic conditions. 
He believes that this treatment should be instituted at the earliest pos- 
sible time. Fedders (46) found local and general irradiations with ultra- 
violet light most effective of all forms of treatment in a case of circum- 
cision tuberculosis. Reuben (17) finds that the treatment of circumcision 
tuberculosis consists of early excision of the tuberculous tissues and the 
inguinal lymph nodes. Lozano (124) is of the opinion that proper food 
and hygienic conditions have the greatest influence in the treatment of 
tuberculosis in infants. Combe (125) is enthusiastic about heliotherapy, 
and also points out that the diet must be properly regulated. Bartlett 
and Wollstein (43) believe that, in the treatment of tuberculous perito- 
nitis, heliotherapy, fresh air and proper food are best. They are defi- 
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nitely opposed to the use of surgery in such cases. Freeman (126) 
advocates the use of codliver oil, full diet and prolonged rest. He also 
believes in the extensive use of cold outdoor air, and heliotherapy even 
in the cases of pulmonary tuberculosis in infancy. 

Gittings, Lathrop and Anderson (127) conclude that active tubercu- 
lous disease of the lungs, lymph nodes and pleura is best treated by rest, 
fresh air, appropriate food and occasional laxatives. Heliotherapy, 
they believe, it useful but cannot be applied indiscriminately. Dunham 
(100) believes that the potentially tuberculous child should be treated 
with complete bed-rest, good nourishment, and open air, and that all 
infection should be removed and all deformities corrected. 

From our work at Lymanhurst we have come to believe that the 
first step should be an attempt to prevent further exposure to tubercle 
bacilli. ‘This is also true when only tuberculous infection exists. When 
tuberculous disease is present we have found the dietetic and hygienic 
treatment helpful. Many infants with the childhood type of disease 
recover with no special treatment; therefore, we must not take too much 
credit for those cases that recover under our care. 


PROGNOSIS 


The prognosis of tuberculosis in infancy has been discussed rather 
extensively in the last few years. The outcome of tuberculous infection 
with no other evidence of disease has demanded considerable attention. 

: Krause (99) has stimulated work in this field more than any other author. 

i He says, “The more I see of tuberculosis in infants and the more I confirm 

' diagnosis by the aid of new methods, the more tuberculous infants I find 

f who run along with comparatively little illness and withstand their 

infection well.” 

Bernard, Debré and Lelong (128) selected infants who had been ex- 
posed to tuberculous parents, and who had become infected on the basis 
of what seemed to be a favorable course, that is, duration of intimate con- 

- tact, age of the child, presence of disease, etc. The 171 infants studied 
were removed from the source of exposure and were given very good care. 

After four years of observation, the authors were of the opinion that the 

nursing infant may develop a form of tuberculosis with a favorable 

prognosis. Among the 171 there was a mortality of 7.6 per cent. The 
largest number of deaths was seven due to tuberculous meningitis, and 
five due to pulmonary tuberculosis. They compared the result of this 
group of cases with another group of 68 infected infants, who were not 
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removed from the source of infection, 88 per cent of whom died of pul- 
monary tuberculosis or tuberculous meningitis. Bartlett and Woll- 
stein (43), in discussing the significance of positive tuberculin skin tests, 
are of the opinion that 75 per cent of infants who react positively under 
the age of six months, even without evidence of tuberculous disease, will 
become tuberculous and die during the first year of life. When the 
infection is present between six and twelve months, they believe that 
tuberculous disease resulting in death will appearin 50 percent. Between 
one and two years when infection occurs they believe that 25 to 50 per 
cent of the infants will become tuberculous, but that the prognosis is not 
so bad. Répke (129) found that the mortality among infected nurslings 
was only 26 per cent. The remaining 74 per cent developed normally. 

Brown (130) made a study of 114 children under two years of age who 
had positive tuberculin tests. The mortality was 70 per cent. Bar- 
chetti (7) observed 51 infants of tuberculous mothers over periods vary- 
ing from several months to one year. He later made examinations of the 
same children up to the second and fourth years. Seventy-three per 
cent of these children became infected and seventy-one of the infected 
infants died. The remaining 21 per cent did not become infected, 
although some of them were breast-fed. McLean and Jeidell (131) call 
special attention to 147 infants under one year of age in their series who 
reacted positively to tuberculin. Among them, 54.6 per cent developed 
tuberculosis. Among 151 children between one and two years who re- 
acted positively to tuberculin, the mortality was 37.7 per cent. Geissler 
(132) warns against the optimistic view that has recently been taken con- 
cerning infected children. He believes that we still must consider very 
carefully the prevention of infection. He mentions the fact that in 
Karlsruhe in 1923, of the 310 children who died in the first year of life, 
only seven deaths were due to tuberculosis, and of the 318 children under 
fifteen years of age who died in 1923 only seven were nurslings. How- 
ever, in his own series of cases the mortality was 28 percent. He believes 
that the child who is beyond one year of age manifests more resistance 
to tuberculosis than it does during the first year of life. Barchetti (7) 
found that the prognosis of infants who become infected by tuberculous 
mothers is very grave, although not hopeless. 

Skalnik (133) concludes from a study of 12 cases that a positive tuber- 
culin test in infants does not prove the presence of tuberculous disease; 
it only indicates tuberculous infection. Hoffa (134) found that many 
infants less than one year old and reacting positively to tuberculin 
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developed into healthy children. He believes that strong initial reac- 
tions to tuberculin indicate powerful antibody-formation and should be 
regarded favorably from the standpoint of tuberculosis, whereas decrease 
in the extent of reaction or the complete disappearance of hypersensitive- 
ness to tuberculin should be regarded as of ominous significance. 

Bernard and Debré (135) call attention to an infected infant of one 
and a half months, who apparently completely overcame tuberculosis. 
Langer (136) pointed out that tuberculous infection during the first year 
of life is by no means always fatal. In fact, he cites a case in which 
infection occurred in the second month of life, and that apparently 
was in good condition several years later. He believes that the prognosis 
is better when the mother is tuberculous during the period of pregnancy 
than in those infants whose mothers contracted their disease after the 
birth of the child. 

Davis (106) found that 1.7 per cent of 2,300 infants reacted positively. 
In this group, together with others he has studied, he found the mortal- 
ity during the first year of life to be 70 per cent, while it was only 24 per 
cent for the second year of life. There was history of exposure to tuber- 
culosis in 77 per cent of his cases. He calls attention to the fact that 
before cutaneous tests were used only those children were regarded as 
tuberculous who had clinical symptoms; thus the mortality figures in 
those days were much higher than at present. Debré and Joannon (84) 
state that in the minds of many physicians a positive tuberculin reaction 
in an infant nearly always means a fatal termination. Such physicians 
have usually reported on hospitalized children. These authors call 
attention to the fact that positive tuberculin tests in babies who are in 
good health and with good surroundings by no means always lead to fatal 
terminations nor even to illness in a great many cases. Rueda (110) 
believes that the danger of tuberculous infection during the first year of 
life has been overestimated. He has seen many cases recover. When 
death did occur it was usually the result of such complications as broncho- 
pneumonia, miliary dissemination and meningitis. Dickey (33) concludes 
that “Occasionally those having marked evidence of disease may carry 
it for a considerable time with no increase of signsor symptoms. Seventy- 
seven per cent of the children under four years of age in our series that 
were positive reactors to tuberculin developed no evidence of tuberculous 
disease.” 

Asserson (137) studied the records of 4,003 infants under two years of 
age who had been tuberculin-tested from the years 1900 to 1926. Of 
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this total number, 460 (or 11.4 per cent) reacted positively. Among the 
460, however, were 144 infants under treatment for clinical tuberculosis 
in either its advanced or chronic forms. With these clinically ill children 
excluded, there were only 316 (or 8.2 per cent) who reacted positively. 
In carrying on the follow-up work on these cases, fifty-five could not be 
traced. The present status of the 405 infants traced was as follows: Of 
the 112 who had advanced tuberculosis, including pulmonary, miliary 
and meningitis, only 3.6 per cent were living. Of the twenty-five suffer- 
ing from “chronic” tuberculosis, including cases of bone and joint and 
cervical lymph-node tuberculosis, 68 per cent were living. Of the 61 
cases with tuberculous infection with tracheobronchial adenitis 78.7 per 
cent were living. Of the 207 cases with tuberculous infection but with 
no tuberculous involvement determined, 61.3 per cent were living. 
Asserson says, 


The results of this study indicate that the infant’s resistance to tuberculous 
infection is better than it was formerly believed to be; on the other hand, 
the infant’s lack of resistance to tuberculous disease appears to be relatively 
low—a fact long recognized. 

Infants subjected to continuous exposure in the home have only a slight 
chance of escaping disease and death from tuberculosis. 

Infants who receive their infection in a more casual and less continuous way 
show marked resistance to tuberculous infection. 

Such unnecessary waste of infant life, as is shown in the deaths of the 120 
infants in this study who died of tuberculosis the majority because they were 
continuously exposed to the disease, must make us pause to consider whether 
or not we are facing and assuming a responsibility which rests upon us to 
protect the most susceptible of human beings from this preventable disease. 


Even when tuberculous disease exists a certain percentage of infants 
overcome it. Peller (138) made a study of tuberculosis mortality in 
Vienna during the eighteenth century. In 1752 and 1753 the tuberculo- 
sis mortality in children of one to four years was 27.4 per cent of the total 
mortality of this age. He found that there was a low infant and child- 
hood mortality among the Jews at that time. Drolet (139) has made a 
careful study of the vital statistics of New York City since 1900, and 
points out a marked reduction in the death-rate among infants. 

Krause (140) shows that the tuberculosis mortality has been declining 
more rapidly among children than among the people at large and more 
rapidly among infants than among children. He says, 
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We may therefore predict that if our environmental conditions do not suffer 
radical alteration, the growing improvement of the situation of infants and 
children with regard to tuberculosis, and the undoubted lessening of the severity 
of infection in early life must carry with it the assurance of less adult pulmonary 
disease and a reduction of mortality for years to come—for an indefinite 
time. I am not of those who believe that all adult tuberculosis arises from 
seed implanted in childhood, and I have frequently voiced my reasons for being 
compelled to assume that much chronic lung disease of later life proceeds from 
foci of reinfection from without. But even the latter must grow more infre- 
quent with tuberculosis tumbling down as it has been. That a great deal of 
late pulmonary tuberculosis is early infection brought to fruition no one who 
interviews and examines patients for an afternoon can doubt; and more of 
this, as we have been seeing it, will never reach the light as early infection 
continues to decline in severity. 


Emerson (141), in a statistical study of the decline in the number of 
deaths from tuberculosis of the lungs in the City of Boston, 1898 to 1921, 
found that mortality from pulmonary tuberculosis had decreased more 
between the ages of birth and ten years than for any other decade in life. 

Reuben and Smith (142) call attention to their study in 1916, when 
their report showed that 30 to 35 per cent of tuberculous infants did not 


die. They pointed out that the prognosis is worse in the real young 
infants. They cite the case of an infant who developed dactylitis, 
generalized tuberculides, and miliary tuberculosis of the lungs, but the 
child showed marked improvement for several months. However, eigh- 
teen months after first seen, it died of tuberculous meningitis, Lozano 
(124) studied the cases of 114 tuberculous infants. Among those who 
were less than one year old the mortality was 26.5 per cent; between one 
and two years the mortality was 12 per cent. Of the entire group he 
found that 38 per cent of the bottle-fed babies died, while only 23 per cent 
of the breast-fed infants died. Kopec (143) made a study of the Warsaw 
vital statistics from 1913 to 1923. While the general mortality from 
tuberculosis greatly increased during the World War, there was no ap- 
parent increase among infants and young children. He believes this is 
due to the fact that there was a small number of infants, inasmuch as the 
number of births rapidly decreased, until in 1918 there was only one-half 
as many as before the war. He also believes that the babies suffered less 
from hunger because they were breast-fed. Of 3,200 cases of infants, 15 
per cent died in the hospital. Even in osseous tuberculosis 12 per cent of 
the cases were fatal. 
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Klostermann (23) found that in infants in the first year of life who had 
developed manifest disease 51.9 per cent died, whereas in the second 
year only 5.9 per cent died. The mortality of all exposed infants he 
found to be 25 per cent. 

Gittings, Lathrop and Anderson (127) concluded that the prognosis 
in active pulmonary tuberculosis in childhood is bad in inverse propor- 
tion to the increase in age of the patient. They believe that in involve- 
ment of the bronchial lymph nodes with a few small discrete pulmonary 
foci, interpreted as the primary lesions, the prognosis is favorable under 
good conditions. When the pleura is involved in the absence of lung 
disease, the prognosisis relatively good. Bernard and Debré (144) found 
that some infants of tuberculous mothers do not contract the disease. 
Some such cases were exposed to their mothers as long as three months. 
Among the infants they studied, fifty-seven survived whose mothers had 
“closed” tuberculosis, while only eighteen survived whose mothers had 
tubercle bacilli in the sputum. The same authors (145) later concluded 
that, if superinfections are prevented, tuberculosis in the infant is not 
universally fatal. The case reported by Stuteville (19) and the two 
cases reported by Ugon (11) died. In Fischl’s (31) group of infants the 
mortality was 58.8 per cent. Kreuser (8) found that 66 per cent of in- 
fected children died. Dubost, Blechmann and Francois (146) studied 
37 infants known to have been exposed to tuberculosis, but later taken to 
a rural centre for infants. Seven of these infants died, one of digestive 
disturbance, two of bronchopneumonia, and four of tuberculosis. This 
total mortality of 19 per cent, the authors felt, was definitely lower than 
the mortality among such infants who were not isolated and treated. 

Lemaire (82) calls attention to the fact that there is no agreement con- 
cerning the tuberculosis mortality in infants,—that various authors 
report from 31 to 85 percent. Ina group of 100 cases studied from three 
months to more than two years, the total mortality was 24 per cent, but 
when infection occurred during the first year of life the mortality was 57 
per cent, whereas it was only 1.7 per cent when it occurred later than 
the first year. Ninety-five per cent of those who died were from families 
where other members had tuberculosis. 

Healing of tuberculosis in infants has been observed by several workers. 
Dumas and Béclére (147) report a case of an infant thirteen months old 
who contracted tuberculosis from a nurse. Six years later they could 
find no trace of the disease except a small shadow, which they interpreted 
as a calcified lymph node. Combe (125) is of the opinion that tubercu- 
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lous infection in children between the twelfth and eighteenth months of 
life nearly always results fatally within six to eight months. He believes 
that tuberculous infection in children beyond the eighteenth month is 
well controlled because it then becomes a disease of the lymph nodes, and 
that it requires such a condition as intercurrent disease or bad hygienic 
conditions to result in general disease and death. Dunn and Cohen (117) 
at the postmortem table found 20 per cent of 661 children under two 
years old with tuberculous lesions. Among 369 children with diagnoses 
of tuberculosis, 194 died in the hospital; eighty-two died after discharge. 
Not all of the cases could be traced. These authors believe that infancy 
is the time the fatal forms of tuberculosis have a greater tendency to 
develop and that this tendency decreases as the child increases in age. 
Farmer (97) discussed the ulcerative type of pulmonary tuberculosis in 
infants, reporting 7 cases under two years of age. He points out that in 
this type of disease the mortality is very high. Ash (108) reports the case 
of a child who was first seen for tuberculosis at the age of six months but 
who died at the age of twenty-five months. The mother of this infant 
nursed it for six weeks, but died of pulmonary tuberculosis when the child 
was four months old. 

Langendérfer (124) studied 269 children whose father or mother or 
both had tuberculosis. More than 50 per cent of the children died. 
Hahlo (148) found that from the records of seven German clinics the 
postmortem examinations showed that approximately 11 per cent of the 
infants had tuberculosis. In one clinic, where 40 infants with tuberculo- 
sis were studied, 75 per cent died of this disease. Dam Stokking (149) 
found that of 144 tuberculous infants 87 per cent died. In his group 
the mortality was lower among infants from tuberculous than it was 
among those from nontuberculous families, although the latter group was 
considerably smaller than the former. Smith (150) observed that in the 
bodies of 200 infants at autopsy 20 per cent presented tuberculous lesions. 
Hess (151) points out that the first year is the most destructive year from 
tuberculosis in the entire span of life. He believes this is due to the fact 
that the dosage of bacilli often is large. Thisis particularly true when we 
take into consideration the size and weight of the baby’s body. 

Hemplemann (152) reports the cases of 130 infants under two years of 
age. During the first year the mortality was 78.7 per cent and during 
the second year it was 57.4 per cent. These children had pulmonary 
tuberculosis, and Hemplemann calls attention to the fact that children 
only with tuberculous infection have been studied very little. Lesne 


j 

& 
fis 
| 
& 


TUBERCULOUS INFECTION IN INFANCY 459 


and Coffin (40), from their study of 800 hospitalized infants, believe that 
intensity and precocity of the tuberculin reaction tell us nothing of 
significance as to prognosis. The mortality in their group of infected 
infants was approximately 70 per cent during the first year and 47 per 
cent during the second year of life. Reuben (17) found that tuberculosis 
from ritual circumcision may prove fatal. In fact among 42 cases, six- 
teen had died, eleven had recovered, and fifteen had not been traced. 
Death occurred at about the end of the first year, although one died at the 
age of three and a half months and another lived for three years. Death 
usually results from tuberculous meningitis or generalized miliary tuber- 
culosis. Those who recovered, he says, invariably presented other 
manifestations of tuberculosis in later life, such as osseous tuberculosis, 
lymph-node tuberculosis and cold abscesses. 

Wollstein and Spence (52) made a careful study of 8,919 ill children in 
the New York Babies’ Hospital between 1914 and 1926. Symptoms of 
tuberculosis were found in 4 per cent. Of 2,024 postmortem examina- 
tions, 9 per cent were on tuberculous patients. Among 362 children with 
tuberculosis, in only ninety-four were the authors able to obtain histories 
of definite exposure. Of 29 children whose mothers were tuberculous, 
twenty-two died during the first year, six in the second year, and one in 
the third year of life. Of the thirty-seven whose fathers were tuberculous 
sixteen died during the first year of life. Although the group of 362 
children were from six weeks to five years old, the authors found the 
disease most frequent between six and twelve months of age. Ustevdt 
(18) among 480 exposed infants found the mortality 19.2 per cent during 
the first year of life. Forty per cent of the fatal cases had tuberculous 
mothers. Only 10.5 per cent of the 334 breast-fed infants died, but 28 
per cent of the 128 bottle-fed infants died during the first year. 

Nobecourt and Boulanger-Pilet (153) point out that tuberculosis in 
infants has increased. In 1921 it was the cause of 4 per cent, but in 1924 
it was the cause of 7 to 11 per cent of infant mortality in Paris. They 
believe this due to housing conditions. 

Kohn (154) reported the case of a child whose first symptoms appeared 
at the age of nine weeks. A positive tuberculin reaction was present at 
the age of twelve weeks. This childhada parenchymal pulmonary lesion, 
and was followed over a period of five years when Kohn reports it as hav- 
ing been restored to excellent health. Langer (155) reported 17 cases in 
which tuberculous infection occurred in the first year of life. Among 
these cases he showed primary infiltration that underwent complete 
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retrogression and later by X-ray examination found calcified foci at the 
hilum and visible pulmonary foci. He shows that infection in infants and 
young children can heal and that the bad prognosis so often rendered such 
cases is due to the fact that the clinician ordinarily sees only the pro- 
gressive cases. Ghon and Kudlich (156) observed the case of a child of 
twenty-one months who showed anatomical healing. There was a case- 
ous calcified primary lesion present about the size of a pea. Freeman 
(126) believes that localized tuberculosis in infancy may be cured, but, in 
his experience, when the lungs are involved the disease becomes general 
and the prognosis is very bad. Bernard and Paraf (157) concluded that 
the physical and X-ray examinations do not inform us as to which infants 
will recover, but that the prognosis is good if the exposure has not been 
too long or too severe. 

Debré and Laplane (158) studied the hypersensitiveness of the skin to 
tuberculin during fatal tuberculosis in infancy. Among twenty such 
infants two never reacted positively under their observation, while seven 
of the remaining infants showed reactions which became less and less 
distinct and finally disappeared before death. In 11 cases the reaction 
remained positive until death or until a very few days before death. In 
these cases for the most part the reaction did not become less distinct. 
The authors believe from this study that the cutaneous test is of little or 
no prognostic value and that the form of tuberculosis does not determine 
the difference in reaction. They showed that in all the cases in which the 
skin reaction remained positive the children were well nourished, whereas 
among the children in whom the reaction became negative before death 
there was definite evidence of malnutrition. Wallgren (123) regarded 37 
of 80 infants with tuberculosis less than a year old cured. He observed 
them over a considerable period of time. Schloss (101) believes that the 
majority of infants who die of generalized tuberculosis have passed 
through an age when the disease was localized, and that death often is due 
to failure to recognize this stage of the disease and institute treatment. 

Wallgren (159) carried on some experimental work, from which he con- 
cluded that young animals are not less resistant to tuberculosis than 
older ones. He also believes that the amount of lymphoid tissue present 
does not change the development of infection. 

Gasul (160) made a follow-up study of 404 tuberculous infants varying 
in age from four months to two and a half years. The follow-up period 
in these cases was from one to eight years. Of the total number 221 
showed only positive tuberculin reactions, 121 had hilum tuberculosis, 
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fifteen had scrofuloderma, five had papulonecrotic tuberculides, eleven 
had spina ventosa, six had tuberculous pleurisy, eight had epituberculo- 
sis, and two had erythema nodosum. The mortality in the 404 cases 
was 3.71 percent. The author concludes that. 


The resistance of the infant to a tuberculous infection, even during the first 
six months of life, is high. An infant with a positive tuberculin reaction or 
even with a definitely recognizable lesion (with the exception of tuberculous 
meningitis, miliary tuberculosis and ulcerocaseous pulmonary tuberculosis) 
should not be given a poor prognosis. 


PREVENTION 


Bernard, Debré and Lelong (128) are convinced that the best way to 
prevent tuberculosis in infants of tuberculous families is to separate the 
infant from the family after birth, either before or after infection has 
occurred. Through an arrangement with the obstetrical service of the 
Laennec Hospital, infants are separated from the mothers immediately 
after birth. Through the social service of the hospital dispensaries they 
also locate infants from tuberculous families, some of whom already have 
become infected. They divide their total number of infants into two 
groups; the first consists of those who have been separated from their 
tuberculous parents before infection has occurred. These infants are 
given good care, but the mortality has been rather high from such condi- 
tions as bronchopneumonia and infectious diseases. They also have 
numerous difficulties with artificial feeding, which contributes to the 
mortality. In their second group the infants had already been infected 
before they were separated from the tuberculous contacts. The authors 
concluded that this method is effective in preventing infants who have 
not been infected from coming in contact with tubercle bacilli, and in 
preventing the infants already infected from greater contamination. 
They point out that large factors in tuberculosis control among infants 
are the existence or absence of contact and the cessation or persistence of 
it. Dubost, Blechmann and Francois (146) took babies from tubercu- 
lous parents before the tuberculin test had become positive. The results 
of their work are very encouraging, when compared with the outcome 
among such children not so protected. 

Schlack (161) made a careful study of symptoms of tuberculosis in 
childhood and reports 69 cases of tuberculous meningitis. He found that, 
among those dying during the first fifteen months of life, the infection 
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could be traced to some member of the family in two-thirds of the cases, 

but among those who died after fifteen months he could trace the family 

infection in only one-third of the cases. He states that extra-family 

sources of infection should be carefully studied and that all cases of bone 
and joint tuberculosis, meningeal and other forms should be reported 
to the health authorities. In discussing the prevention of tuberculosis 
among Belgian children Langelez (162) presents the results obtained by 
the Oeuvre de la preservation de l’enfance of Belgium. At the time of his 
report 661 children had received care. For the most part children are 
admitted who have at home some relative ill from tuberculosis, although 
the so called ‘“‘pretuberculous” child is sometimes admitted. It is impos- 
sible to keep many of the children over long periods of time for such 
reasons as unwillingness of the parents and unruliness. Of the entire 661 
only fifty-five have remained over two years. In the follow-up work, 
609 of the 661 were traced and 595 of them were in good health. Lange- 
lez believes that a child left with tuberculous parents for a few months is 
fatally infected. 

Couvelaire (163) calls attention to the work which he observed from 
1921 to 1925, when special care has been given to mothers suffering from 
pulmonary tuberculosis. Immediately after birth the babies are placed 
in homes where they are carefully observed and treated. The mortality 
among these infants is fairly high, but the author believes this is due 
largely to the separation from the mother and the mother’s milk. The 
debility, as was observed among the infants, he feels, is no greater than 
would be found among infants of mothers ill from any other disease 
condition. He is convinced that definite benefit both to the mothers and 
babies has come from the routine at the Baudelocque clinic. Nobecourt 
and Boulanger-Pilet (153) believe that it is urgent that babies be re- 
moved from contacts as soon as possible after birth and that they be 
placed with suitable families and that Calmette’s vaccine be used. 
Braeuning and Hollmann (164) are of the opinion that children in the 
homes of poor families can be protected from contacts by training 
the family concerning droplet, contact, and dust infection. In this con- 
nection Kreuser (8) found that one-half of the children exposed to con- 
tacts remained free from clinical tuberculosis. Geissler (132) finds that 
the best method to prevent tuberculosis in infants is to have complete 
isolation from the tuberculous contact, if possible, for the first six 
months of the child’s life. If complete isolation is not possible beyond 
this period he advocates partial isolation until the child is two years 
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old. He feels that the prevention of reinfection is very important and 
argues strongly against the tuberculous mother nursing her child. Ber- 
nard (10) holds that, if the child is separated early enough from its 
tuberculous mother, its life can be saved. Bartlett and Wollstein (43) 
believe that the only satisfactory treatment for the tuberculous infants is 
prevention. 

Lemaire (82) calls attention to the age at which infection should be 
prevented and the types of disease which are most dangerous from the 
standpoint of contact. He believes that keeping the child in the home 
with tuberculous parents is not effective, and that there must be complete 
isolation. Reuben and Smith (142) recognize the great danger of con- 
tact among younger infants to tubercle bacilli, and to the hygienic sur- 
roundings in the prevention of tuberculosis among infants. From stud- 
ies in Warsaw Kopec (143) concluded that infants must be removed from 
tuberculous surroundings. He calls attention to Pollak’s work, which 
shows that 98 per cent of 285 children of tuberculous parents reacted 
positively to tuberculin. Gittings, Lathrop and Anderson (127) conclude 
that to prevent massive or repeated infection the child, and especially the 
infant, must be separated from any active focus in the home. They be- 
lieve also that, to prevent infection from becoming clinical disease, non- 
specific constitutional treatment is important. 

Couvelaire (165) carried on some experimental work, in which he 
inoculated one series of guinea pigs daily for fifteen days. In another 
series the same dose was given daily for eight days; then the inoculation 
was stopped for eight or sixteen days and was then given again daily for 
eight days. The animals of the first series, that had the daily inocula- 
tions for fifteen days, survived longer than those whose inoculations were 
interrupted. The author calls attention to the work of Grysez and Petit- 
Dutaillis, whose results were similar to his. He also calls attention to 
Bernard’s clinical observations, which resulted in finding that contact 
with tuberculous parents is more dangerous to infants at intervals than 
it is when continuous over the same total length of time. Combe (125) 
discusses the danger of the bovine type of tubercle bacilli, and states that 
all cow’s milk consumed by infants must be boiled or pasteurized. He 
advocates isolation of infants of tuberculous families. He believes that 
there are some toxins in the milk of a tuberculous mother so that this in 
itself is bad for the offspring. 

Winslow and Gray (166), in discussing the relationship of pasteuriza- 
tion of milk-supply to mortality from tuberculosis, showed that, when they 
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compared the mortality rates of large cities for the years 1901 to 1905 with 
those of 1916 to 1920, there was a decrease of about 30 per cent of pulmo- 
nary tuberculosis among children under one year and from one to four 
years. In nonpulmonary tuberculosis the infants under one year showed 
a decrease of about 38 per cent, but this was no greater in those cities with 
pasteurization ordinances than in those without them. The authors be- 
lieve that bovine infection is of negligible importance among infants in 
large cities where infant welfare work is carried on. They found that 
between the ages of one to four years nonpulmonary tuberculosis had 
increased 13 per cent in cities having less than 50 per cent of the milk-sup- 
ply pasteurized, and had decreased 34 per cent in the cities having 90 
per cent of the milk pasteurized before 1915. Thus it appears that the 
pasteurization of the milk-supply decreases the mortality from non- 
pulmonary tuberculosis between one and four years, but has no effect 
on the mortality during the first year of life. Boynton (93) made a study 
of the death-rate from tuberculosis in children under fifteen years of age 
in Minnesota from 1915 to 1926. The greatest reduction she found 
occurred in infants under one year of age. The reduction was 60.3 per 
cent, but in this age-group she also found the highest mortality rate. 

Taylor and Moorman (167), in making a careful study of direct expo- 
sure to tuberculosis in infancy and childhood, are of the opinion that, 
after having done what we can to prevent early contact with open cases 
of tuberculosis, we should attempt to determine the degree of infection, 
in order that those having moderate or heavy infection may be kept under 
supervision with good environment and where the symptoms and signs 
of clinical disease may be early recognized. 

Prevention of tuberculosis in infancy is receiving attention in many 
parts of the world. Labesse (168) points out that in Austria the work 
of Pirquet resulted in a great deal of interest in the prevention of child- 
hood tuberculosis. In Czecho-Slovakia the Oeuvre Grancher is playing 
an important réle in caring for children exposed to tuberculosis. In 
Hungary the American Red Cross did a splendid work in establishing an 
Oeuvre. In France the Pasteur Institute is carrying on antenatal pro- 
phylaxis as well as postnatal work with the infants. The mothers are 
taught the methods of preventing tuberculous infection among their 
infants. Labesse also calls attention to the fact that the Oeuvre Grancher, 
under the direction of Armand-Delille, formerly admitted only children 
over three years but has now been opened to small children. In Holland, 
while the physicians are alive to the needs, there does not exist the proper 
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facilities for taking care of the very young children, while in Switzerland 
there is a tremendous amount of preventive work being carried on among 
infants. Labesse believes strongly in the separation of infants from 
sources of infection and the proper treatment of such infants. He be- 
lieves that in the past we have paid too much attention to magnificent 
constructions for housing chronic tuberculosis patients, and not enough 
attention to the prevention of the disease in infancy and childhood. 

Rich and McCordock (169) are inclined to believe that when the aller- 
gic reaction is marked it may be of benefit to desensitize with tuberculin. 
They point to its effects obtained in tuberculin therapy in cases of tuber- 
culosis of the skin and of the eye. They believe that immunity persists 
after allergy has waned considerably, and therefore are of the opinion that 
desensitization would not reduce immunity. 

Langer’s vaccine, which contained dead tubercle bacilli, was adminis- 
tered to animals by Dold (170). Heis inclined to believe that this method 
offers little in the case of infants. Zadek and Meyer (171) applied 
Langer’s vaccine to 26 children and infants. They feel, however, that 
the number of cases was too small and the duration of their observations 
too short to justify any general conclusions. Long (172) believes that 
the injection of dead tubercle bacilli results in such a slight degree of 
allergy that only an inappreciable and transitory immunity results. He 
is of the opinion that it is only virulent bacilli that produce a sufficient 
allergy to result in an immunity of considerable duration. 

Calmette and Weill-Hallé (173) in 1908 planted a virulent strain of 
tubercle bacilli on ox-bile-potato medium. In 1921 after this strain 
had been transplanted 230 times the bacilli were avirulent but were still 
capable of forming tuberculin. When they injected cattle subcuta- 
neously with this strain the animals became immune to 5 mgm. of virulent 
tubercle bacilli which were fatal to nontreated cattle in thirty to fifty 
days. Such treated cattle were resistant to spontaneous infection for 
eighteen months, From these protective inoculations they never ob- 
served any ill effects. These authors later administered their vaccine 
by mouth to infants who were likely to be extensively exposed to tuber- 
culosis. Of this attenuated strain of BCG (Bacillus Calmette and 
Guérin) they gave a dose of 1 cgm. on the fourth, sixth and eighth days of 
life. Among these infants only'a small percentage developed an allergy 
to tuberculin, but the authors believe that parasitism alone without sym- 
biosis produces protection. That is to say, that the attenuated tubercle 
bacilli in the body usually do not cause a cellular response (parasitism), 
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but that virulent tubercle bacilli result in the formation of special cells 
as a response to their presence (symbiosis). The results which Calmette 
and Guérin report are very encouraging. The mortality among the 
protected infants is far lower than among those unprotected during the 
first year of life. Suarez (174), from an experimental study, confirmed 
Calmette’s statement that BCG is not tuberculogenic. Schroetter (175) 
administered BCG, and came to the conclusion that the mortality of 
infants living in contact with tuberculous patients was reduced to one- 
twentieth of the usual mortality among such infants. 

Calmette’s statistics have been criticized by Rosenfeld (176) and 
Gotzl (177). Kraus (178) found that the BCG strain is somewhat viru- 
lent for animals, in that it produces changes in the tissues after having 
been introduced into the vein or the peritoneum. The disease caused, 
however, localizes and heals. In other words, Kraus believes that there 
is a true symbiosis which accounts for the immunization. Later Kraus 
(179) states that the results are very encouraging, but that the duration 
of the immunity caused by the vaccination is unknown. He believes 
that further studies are necessary before the general practitioner under- 
takes this method of protecting children. Still later Kraus (180) advises 
against the general application of BCG for infants. Nobel (181) found 
that animals treated with BCG developed disease when inoculated with 
virulent strains, but showed more resistance to the disease than those 
not treated. Chiari (182) also observed less marked lesions in animals 
treated with BCG. Weill-Hallé (183) applied the vaccine to 16 infants, 
and stated that the results obtained warrant its more general use. Later 
Weill-Hallé (184) introduced BCG subcutaneously, and found that 
the children so treated developed a tuberculin allergy.. He advises 
against the use of BCG in children who already have been infected, and 
states that for the first four weeks after the vaccination children should be 
carefully protected against infection. 

Selter and Blumenberg (185), in an experimental study, found that 
following subcutaneous inoculations of BCG a lesion is nearly always 
produced. They believe it is this symbiosis which causes the immunity, 
and that the immunity persists only as long as the lesion lasts. Therefore, 
the immunity disappears too soon to be of much practical value. Nobel 
(186) states that some animals vaccinated with BCG developed progressive 
tuberculosis; therefore he warns against the general use of the vaccine. 
Pirquet (187) writes that immunization with BCG during the first year of 
life is dangerous. He is of the opinion that immunity produced by a 
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parasitism is improbable. He does not approve of the vaccine in the 
human family. 

King and Park (188), after considerable experimental work with BCG, 
say, “While vaccinated animals which were later infected with virulent 
organisms as a rule developed more or less progressive tuberculosis, 
they generally developed the disease to a lesser extent than non-vac- 
cinated controls which received the same injections of virulent organ- 
isms.” Again they say, “We do not feel justified in drawing conclusions 
as to the absolute safety of the BCG vaccine until further experimenta- 
tion has been done covering a period of years on vaccinated animals.”’ 
Finally they say, 


It is interesting to note that none of the guinea pigs and calves fed the vaccine 
developed hypersensitiveness to tuberculin, while a large majority of those 
receiving the BCG subcutaneously and intraperitoneally became allergic. 
The hypersensitiveness usually appeared by the eighth week and seemed to 
last on the average from six to ten months. In monkeys, in contrast to guinea 
pigs and calves, the bacilli in the vaccine passed the intestinal mucosa, and 
produced hypersensitiveness and localized tubercles in the mesenteric nodes. 
We feel certain that the positive findings in the orally vaccinated monkeys 
arose from the BCG, since twenty-four normal control monkeys failed to 
react to tuberculin and were negative at autopsy. 


Petroff, Branch and Steenken (189), after making extensive studies of 
BCG, present the following conclusions: 


The data presented in these studies indicate that BCG microérganism in 
undissociated form is not very virulent for guinea pigs and rabbits. Progres- 
sive tuberculosis occurs rarely, but it does occur. 

We are still ignorant in regard to the complete life-cycle of bacteria, and among 
them the tubercle bacillus. The virulence of BCG can probably be kept at a 
low level by cultivating it on glycerol-bile-potato medium, but if it is to be 
used as a vaccine we must bear in mind that the human body is not to be com- 
pared to glycerol-bile-potato as a medium for its continued viability and 
development. 

No one can predict what may happen in the course of time if BCG is implanted 
in the human body and if accidentally carried from human being to human 
being, or what transformation may occur after such a train of events. There 
are indications that the avirulent “R” microdrganism may be transmuted 
into the more virulent ‘“S” form by cultivation of the former on a medium 
containing its antiserum. At present we can only suggest the possibility that 
this reversed phenomenon may take place in the human body. 
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Therefore, as a result of the foregoing studies involving over 250 guinea pigs 
and rabbits, we believe that the use of BCG in prophylactic immunization 
may be a dangerous procedure at present. Nevertheless we are open to a 
change of opinion if further experiments reveal that the interpretations of the 
foregoing observations are erroneous. 


Calmette (190) believes that the return of BCG to a state of virulence 
is not likely to occur. He states that he has repeated the experiments of 
Petroff with negative results. He clings to the belief that the effective- 
ness and harmlessness of his method of vaccination has been proved on 
150,000 infants. 

Calmette and Plotz (191) suggest that Petroff’s animals with fatal 
tuberculosis may have developed spontaneous tuberculous infection. 
In replying to Greenwood and Rosenberg’s criticism of Calmette’s 
statistics they call attention to the fact that since 1927 their figures refer 
to children vaccinated at birth and to nonvaccinated children all born 
and brought up in families with tuberculosis and followed over a period 
offour years. They obtained their figures from 2,368 vaccinated infants 
and 4,854 nonvaccinated infants. Among the vaccinated infants the 
mortality from all causes was 11.8 per cent, of which 3.4 per cent were 
tuberculous, while among the nonvaccinated children the mortality from 
all causes was 21.4 per cent, of which 15.9 per cent were tuberculous. 
The most recent method of vaccination is as follows: 


One-half hour before feeding, the infant is given by mouth a dose of one centi- 
gram of a fresh culture of BCG, which has been finely emulsified in a liquid 
which conserves the vitality of the bacilli (synthetic Sauton medium, diluted 
one-fourth in distilled water). It is convenient to give this emulsion in a 
small amount of warm milk. The ingestion of vaccine is repeated twice at 
48-hour intervals. The total amount of vaccine taken is 3 cgm. of bacilli. 
The vaccination should be carried on during the first ten days of life, for it is 
during this period that the intestine is better able to absorb the bacteria. 
Later, when the intestinal mucosa is developed, absorption is much poorer 
and quite irregular. 

The vaccinated child should be, as far as possible, separated from its tubercu- 
lous mother for a period of four weeks, the necessary period to obtain an 
immunity. When this separation is not possible, as may happen, it is neces- 
sary to take the greatest precaution to prevent a massive infection during 
the first month. 

The vaccinated infants, even though separated from all contagion, react to 
tuberculin, that is, develop an allergic reaction, after a period of a few weeks 
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or months. But this allergic reaction is not indispensable for the establish- 
ment of an immunity, that is, a resistance to reinfection. The allergic reaction 
is only developed when the vaccine produces the formation of a few giant cells, 
which are reabsorbed and soon disappear, without leaving any trace of 
their presence. 

We should not then consider the presence of a tuberculin allergic reaction as 
necessary for the establishment of an immunity. But when it does exist it 
indicates that the subject is immune. 

The allergic reaction should be provoked, however, in children of all ages, as 
well as in adults, when it is not present, and when its absence cannot be 
explained by some physiological or pathological reason (eruptive diseases, 
exposure of skin to sun, menstruation, etc.). 

The BCG is the best method of inducing this reaction. For this purpose it 
should be given subcutaneously, in one inoculation, employing 1/40 to 1/20 
of a milligram, depending upon the age. This should only be employed in 
subjects in whom the absence of the allergic reaction has been determined by 
the Pirquet or intracutaneous procedures, after two tests, at an interval of 
one week. 

Vaccination by the subcutaneous method is now employed on a large scale 
in a number of countries, particularly in Norway, and in Africa among the 
colored population. This inoculation is absolutely inoffensive and produces 
a tuberculous allergic reaction in from 6 to 8 weeks. These inoculations 


may well be repeated several times during the life-time of the individual, 
especially in infancy and adolescence, and particularly if the allergic reac- 
tion disappears. 


The Health Committee of the League of Nations (192) against 
tuberculosis requested that a commission of experts be summoned who 
would draw a scheme of the study of the early and late results of vaccina- 
tion by means of BCG among laboratory animals, the bovine breed and 
man. ‘The conference was held in Paris, October 15 to 18, 1928. This 
conference included three commissions: the first composed of bacteriolo- 
gists, the second of clinicians, and the third of veterinary surgeons. These 
three commissions have recommended courses for further study of BCG, 
and their reports were adopted. 

Petroff (193) again analyzes the value and safety of protective immun- 
ization with BCG, and still maintains that it is not without danger. He 
believes that if we must use a vaccine one composed of dead microérgan- 
isms can accomplish as much as BCG. Kereszturi and Park (194) made 
a report on the results of oral vaccination with BCG on human beings in 
New York City. Although they state that their conclusions are still 
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preliminary, they are of the opinion that the oral BCG vaccination is 
relatively simple, it is harmless, and it gives some immunity, but as yet 
they have not been able to determine the degree and duration of such 
immunity. 


SUMMARY 


1. This study includes 532 infants, 236 of whom reacted positively to 
tuberculin. 

2. A relatively small number of those traced after a period of years 
have developed clinical tuberculosis. 

3. The history of exposure was definite in 195 and questionable in 22 
of the 236 reactors. 

4, The tuberculin test, X-ray examination and history of exposure were 
found of greatest value in diagnosis of disease. 

5. When disease has developed the first step in treatment is to prevent 
further exposure to tubercle bacilli in so far as possible. Comfort of the 
infant, which means conservation of energy, proper diet for the age, and 
heliotherapy when indicated, are important. 

6. The majority of our group infected in infancy are now apparently 
healthy. Many have never been ill, and are now girls and boys of school 
age. Of the 172 who have been traced only six have died of tuberculosis. 

7. The first step in the prevention of tuberculous infection and disease 
is prevention of exposure to tubercle bacilli. Pasteurization of milk is 
quite effectively practised in Minneapolis; hence our exposures are for the 
most part to human sources. 
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Several modifications of the cutaneous tuberculin tests have been in- 
troduced since Pirquet (1) devised the epidermal and Mantoux (2) the 
intracutaneous or intradermal methods. Hamburger (3) called atten- 
tion to the discrepancy in the percentages of reactors as between the 
group reported by Hamburger and Monti (4) and that reported by Pir- 
quet (5) (table 1). He pointed out that Pirquet obtained from Vienna 
material a much lower incidence of infection than did the authors from 
the same city. He believed this due largely to the method of applying 
the tuberculin. The method which he used consisted of the cutaneous 
test, and for those subjects who did not react within twenty-four to 
forty-eight hours he administered 0.01 mgm. tuberculin subcutaneously. 
If there was no reaction he increased the dose toi mgm. He found that 
if the child did not react to this by showing definite redness and infiltra- 
tion at the site of the injection he could say with nearly absolute cer- 
tainty that it was free from tuberculous infection. 

Lovett (6) calls attention to the percutaneous tuberculin test. This is 
an outgrowth of the test described by Moro and Doganoff (7), and modi- 
fied by Moro (8), Wegerer (9), and Hamburger and Stradner (10). She 
finds it very valuable when dealing with small children, as it causes no 
pain. She also recommends it because no instruments are necessary; 
hence there is little objection to its application in schools and institutions, 
where parents or the children themselves frequently object to tuberculin 
testing. Of greater importance, however, is the fact that fully as many 
positive results are obtained as with the Pirquet test. Lovett calls 
attention to the work of Stradner (11), Wallgren (12) and Czickeli (13), 
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who found even a higher incidence of infection when the percutaneous 
test was used than with the Pirquet test. The technique is as follows: 


The skin over the sternum is rubbed with ether until hyperaemia occurs. 
A piece of the concentrated Old Tuberculin, the size of a pinhead, is vigorously 
rubbed in with the finger-tips. The result is read at the end of forty-eight 
hours. Usually the reaction appears within twenty-four hours. 

Three grades of positive reactions may be described. The weakest consists 
of several small scattered papules at the site of inunction, with scarcely any 
reddening. In the strong reaction a marked folliculitis appears, with minute 
vesicles or even pustules and intense inflammation. There may be some 
itching. The milder reactions persist for several days; the stronger may be 
visible for a few weeks. Possible but rare sources of error are diffuse reddening 
or punctate reddening of the pores without folliculitis, as may occur ina 
sensitive skin. For a positive test there must be definite papules. 


When in questionable cases further tuberculin testing is indicated, 
Lovett prefers the subcutaneous test, which Reuschel (14) and Ham- 
burger (15) described in 1908. For this test she used the following 


technique: 


Inject 0.01 mgm. of Old Tuberculin subcutaneously on the day following a 
negative percutaneous test, and if necessary, to follow this at from twenty-four 
to forty-eight hour intervals by injections of 0.1 and 1 mgm. It is important 
to observe the time intervals exactly, so as to make each injection during a 
negative phase and not during the period of hypersensitivity that occurs about 
five or six days after an injection. In this way there is a smaller possibility of 
severe febrile reactions. The reactions are noted after forty-eight hours. A 
positive reaction consists in infiltration and reddening of the area of injection 
for at least three days. Usually the infiltration is present on the day following 
the injection, but delayed reactions should be watched for. A transient 
erythema may be present on the day following the injection of 1 mgm. of 
tuberculin; if the child continues to give a negative reaction to this dose, the 
possibility of infection can practically be excluded. 


Lovett prefers this test to the Pirquet and Mantoux tests because of its 
simplicity and reliability. 

Hoffmann (16), after applying the Pirquet test among school children, 
later used the Hamburger method and found a considerable increase in 
the number of positive reactions. 

Hoffa (17) advocates the use of Moro’s tuberculin because it has a 
heavier consistence than Old Tuberculin, which makes it adhere better 


TUBERCULOUS INFECTION IN CHILDHOOD 483 


to the skin, and also because it contains bovine tuberculin. In a group 
of 626 children from orphan asylums he showed that only approximately 
one-third of the children reacted positively to tuberculin between the age 
of one and fourteen years. He used the Pirquet, the Mantoux and the 
puncture methods. Dietl (18) believes that the tuberculin test is the 
only really dependable method in the diagnosis of tuberculosis in child- 
hood. When there is any doubt he feels that the puncture method 
should be employed. 

Happ and Casparis (19) made a comparative study of the intracuta- 
neous and the epidermal tests. The latter test was positive in only ap- 
proximately 50 per cent of the cases of tuberculous meningitis and 
miliary tuberculosis in infants and children. They are of the opinion 
that the intracutaneous test is more sensitive than the epidermal test 
and that it has the advantage of measured amounts of tuberculin which 
may be increased if desirable. They found that when a sufficiently high 
concentration of tuberculin is given by the intracutaneous method, prac- 
tically all cases of tuberculosis will react positively. McNeil (20) calls 
attention to failure of the Pirquet test in certain cases and reports a 
modification which consists of removing the epidermis over a small circu- 
lar area on, the forearm, so that the cutis vera is exposed. He then fills 
the eye of the needle with undiluted Old Tuberculin and presses it into 
the prepared surface. This slight modification, he feels, is enough to 
secure success in cases in which the tuberculin reaction is feeble. 

Atsatt (21) discusses the subject of the quantitative tuberculin test in 
diagnosis. He uses as dilutions 1:1,000, 1:2,500, 1:5,000 and 1: 10,000, 
giving 0.1 cc.asadose. He found that of 83 boys and girls under twenty 
years with nontuberculous bone and joint disease only nine reacted to 
the dilution of 1:10,000. - In a group of 65 cases suffering from acute 
progressive bone tuberculosis fifty-eight reacted to the same dose of 
tuberculin. In this high dilution he believes a positive reaction of con- 
siderable significance in diagnosis. He speaksof 1:7,500 as the “thresh- 
old” dilution, and states that in a group of cases with nontuberculous 
osseous disease 90 per cent were negative to this dilution, while in 
another group with clinically diagnosed tuberculous disease 92 per cent 
were positive. Wiese (22) believes that the incidence of tuberculous 
infection in school children cannot be determined by a single Pirquet test 
read at the end of forty-eight hours. He feels that both the epidermal 
and the intracutaneous tests should be repeated when negative. When 
the Pirquet test is negative he recommends that the intracutaneous test 
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be applied. Litchfield (23) finds the Pirquet test for tuberculosis in 
children of considerable clinical value. Brinchmann (24) believes that 
the Mantoux test is far more reliable than the Pirquet test. He finds 
that in many cases in which the Pirquet test is negative the Mantoux is 
positive. He believes that it is desirable to follow a group of children 
over a long time, testing their sensitiveness to tuberculin and observing 
them clinically in order to obtain the knowledge we need of the genesis 
of tuberculosis in childhood. 

Reiss (25) made a comparison between the reactions produced by the 
Mantoux and the Pirquet tests in 120 children in Chicago. He found 
that with the Mantoux test the reaction usually reaches its maximum in 
twenty-four to thirty-six hours and remains stationary for about twenty- 
four hours, after which it begins to fade, and finally ends in desquamation. 
He did not regard the reaction positive unless a central papule of 0.2 by 
0.4 cm. in diameter with a surrounding areola was present. He found 
that of the 120 cases nineteen reacted positively. The Pirquet test was 
negative in 3 cases that were positive to the Mantoux, but the Pirquet 
test was never positive when the Mantoux was negative. In his series 
of cases there were 4 patients with tuberculous meningitis who did not 
respond to the tuberculin test. Hertz (26) is of the opinion that the 
subcutaneous and the intracutaneous are more reliable than the epider- 
maltest. Cunningham and Ratcliffe (27), after making extensive studies 
of tuberculin tests in children, were of the opinion that there is no method 
of standardizing tuberculin and that the potency of a preparation can 
be determined only by applying it. They applied five different commer- 
cial tuberculins and the Saranac Laboratory tuberculin. They found 
that the Saranac tuberculin was far superior to any of the commercial 
preparations. They then applied to 346 children two epidermal tests, 
one intracutaneous test with human tuberculin, and another intracutane- 
ous with bovine tuberculin, the dosage in the intracutaneous being 0.08 
mgm. ‘These four tests were applied simultaneously. The Pirquet test 
alone was positive in 85 per cent of all the cases that reacted positively to 
one of the four tests. Thus Cunningham and Ratcliffe believe that a 
combination of the intracutaneous and the epidermal tests may be used 
to good advantage. 

Stewart and Collins (28) found among 218 children that sixty-five 
reacted negatively to the Pirquet test. When the Mantoux test was 
applied seven of the sixty-five were found to be positive. Among 116 
children with positive Pirquet tests, 3.6 per cent were negative to the 
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Mantoux test. Leigh (29) used the intracutaneous test on 100 children 
of Mexican parentage, the ages ranging from six to fourteen years. 
These children were apparently healthy; 63 per cent of the cases were 
from homes where there was a very definite history of exposure. In this 
group of one hundred he applied the intradermal test at three-day in- 
tervals, varying from 0.001, 0.01, 0.1 to 1.0mgm., until a positive reaction 
occurred. With the 0.001 mgm. he obtained a local reaction in 82 per 
cent; of the cases with 0.01 mgm. 12 per cent more reacted, with 0.1 mgm. 
another 5 per cent reacted, and with 1 mgm. an additional 1 per cent 
reacted. Leigh is of the opinion that the existence of a high sensitive- 
ness to tuberculin, even in apparently healthy children, is an indication 
for careful study. He concludes that the Mantoux method is especially 
adapted to tuberculin studies among children. 

Veeder and Johnston (30) found that the intracutaneous test gave but 
a slightly larger number of positive reactions than the epidermal test. 
They have found the tuberculin test of much service in the diagnosis of 
tuberculosis in infancy and early childhood. Stewart (31) modifies the 
Pirquet test by placing a drop of tuberculin on the skin and making a 
single puncture through it with an ordinary sewing needle. He finds 
that all children who react to the usual Pirquet test react to the puncture 
method. One advantage is that the children prefer a single puncture 
to the scarification made by a blunt instrument. Another is that the 
tuberculin may be wiped off immediately after the puncture is made. 

Severe reactions have been reported from cutaneous tests. Vonessen 
(32) applied tests to approximately 3,200 school children and obtained 
severe reactions in two cases, which made him feel that it is inadvis- 
able to use concentrated Old Tuberculin. In these two cases phlyc- 
tenular inflammation appeared as well as middle-ear inflammation. 
McNeil (33), in examining 170 boys, found 5 cases with extremely severe 
reactions to the tuberculin test. The diameter measured between 35 
and40mm. He points out that the most severe reactions are commonly 
associated with phlyctenular disease, conjunctivitis and nasal catarrh. 

Many workers in employing the intracutaneous test use as the initial 
dose 0.1 mgm. of tuberculin, and very few severe reactions have been 
reported. In families where there is definite exposure, however, it is 
better to use the dosage recommended by Opie and McPhedran (34). 


The first test has been made with 0.00001 cc., or 0.01 mgm., of Old Tuberculin, 
diluted to 0.1 cc. and injected into the cutis. The site of injection is examined 
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two days later, and if no reaction has occurred an injection of 0.0001 cc. (0.1 
mgm.) in the same volume as before is made. If there is no reaction again 
after two days, a third injection with 0.001 cc. (1 mgm.) of tuberculin follows. 
It has not seemed desirable to use the larger quantities recommended by Happ 
and Casparis. The intensity of the reaction has been recorded as one plus (+) 
when redness has been present in an area from 10 to 15 mm. in diameter. In- 
conspicuous spots of redness, or redness with no oedema, have not been regarded 
as definite evidence of hypersensitiveness to tuberculin. Reactions with 
redness and oedema in an area from 15 to 25 mm. in diameter have been 
designated two plus (++). Extensive redness and oedema measuring more 
than 25 mm. have been recorded as three plus (+++) or, if accompanied by 
necrosis of the skin, as four plus (++-++). 


Krause (35) says, 


For general purposes of diagnosis Pirquet testing, with potent tuberculin and 
intelligent technique, suffices; because of its simplicity, slight discomfort, and 
freedom from the criticism that it involves injecting something into the body, 
it may be the method of choice when prejudice is to be allayed or nervous fear 
to be reckoned with. For a method of final appeal we must resort to the 
intracutaneous test, which, too, is always to be used whenever quantitative 
considerations enter into the case. 


In his splendid book Laboratory Diagnosis and Experimental Methods 
in Tuberculosis, Willis (36) says: 


Although in general the tuberculin reaction by no means assumes a major réle 
in the diagnosis of tuberculosis, there are, as has already been intimated, 
several circumstances in which this and, to a less extent, the cutaneous test 
may be of decided value especially when applied to children. These circum- 
stances occur chiefly in children with (1) equivocal signs of tuberculosis of the 
tracheobronchial lymph nodes; (2) probable but indefinite signs of tubercu- 
losis of bone or joint; (3) history suggestive of tuberculosis or of intimate 
exposure to it and with equivocal or negative findings; and (4) vague disease of 
the eye or history of such disease recently. The set of particular circum- 
stances in either of these groups may be such that the tuberculin reaction, 
although never of itself decisive, may materially help in settling the issue of the 
diagnosis. For instance, in a child with moderate enlargement of the tracheo- 
bronchial lymph nodes and a few vague symptoms of being below par, of 
indisposition to play, or of undue fatigue, there would be a good deal of evi- 
dence to justify a diagnosis of tuberculosis. But if the intracutaneous test 
were consistently negative and the ordinary causes that negate a reaction be 
eliminated, one would at least hesitate to make such a diagnosis and would 
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either defer diagnosis and keep the child under observation or arrive at a 
diagnosis of “no tuberculosis.” 


The majority of workers are of the opinion that from the standpoint 
of accuracy in detecting infection as well as receiving aid in diagnosis the 
Mantoux (intracutaneous) test is equalled by none. It is a harmless 
method of giving a measured amount of tuberculin. With high dilutions 
one is able to determine something of the degree of hypersensitiveness 
of an individual, which is important in the diagnosis of clinical disease, 
as Atsatt (21) has found. There are times and conditions when and 
places where accuracy must be sacrificed for convenience. For example, 
there are the families who refuse to allow a needle or any instrument to 
be used in the application of the test. In such cases Lovett’s (6) method 
should be recommended. There is the occasional person with a great 
horror of “‘serums” who refuses to have any test applied. 

Delayed reactions have been reported by several workers, among whom 
is Fiirstner-Risselada (37), who applied Pirquet tests to 1,506 school chil- 
dren in Holland (table 1). The reaction was considered positive only 
when the diameter of the papulewas 5mm. In 14 cases he found a de- 
layed reaction which appeared on the average of ten days after the ap- 
plication of the test. Among 220 children who were negative at the time 
of the first test seventeen were positive when the test was again applied. 
Lovett (6) finds that the percutaneous reaction occasionally is delayed 
for three or four days, and this she believes corresponds to the torpid 
reaction Pirquet described. Wiese (38) believes that when negative at 
the end of forty-eight hours the tests should be observed longer. Ol- 
brechts (39) found that when tests were negative and later repeated 16 
per cent had become positive. He believes this is largely due to subse- 
quent exposure. In cases of delayed reactions it is possible that ex- 
posure after the test is applied brings about a hypersensitiveness to 
tuberculin. It seems probable, however, that when the test is applied 
the child is in the preallergic stage and allergy appears a few days later. 

There are times when tuberculin tests are not reliable. The greater 
accuracy of the intracutaneous test renders the Pirquet, Moro and other 
modifications less reliable. It is said that a child with a positive test may 
lose hypersensitiveness to tuberculin under certain conditions. Ol- 
brechts (39) states that the reaction is effaced by pertussis, measles and 
meningitis. Nobecourt (40) believes that in infected children the tuber- 
culin reaction may be negative during the preallergic stage, in cachectic 
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states, acute forms of tuberculosis, and infections such as pneumonia, 
typhoid fever, influenza and measles. Sill (41) believes that the Pirquet 
test is one of our most reliable aids in diagnosis in that a persistent nega- 
tive reaction excludes tuberculous infection except in very ill patients. 

Hoffa (17) found that the Pirquet reaction is not reliable in cases pre- 
viously treated with large doses of tuberculin, during and immediately 
following influenza, measles, pneumonia, and miliary tuberculosis, and 
in tuberculous and nontuberculous cachexia. He points out that during 
the World War the undernourishment of children influenced the skin 
reaction, and that anergy took place instead of allergy. He found that 
when the food situation was improved many of the cases with negative 
tuberculin reaction became positive without any change in the clinical 
condition. On the other hand, Hoffmann (16) observed that very poorly 
nourished children gave good tuberculin reactions, and the incidence 
among them was higher than among the well-nourished children. Heth- 
erington (42), from his excellent study, found that subnormal weight is 
not more frequent in children with latent tuberculous infection than in 
children who are negative to the tuberculin test. In other words, under- 
weight has little if any value in the diagnosis of tuberculous infection. 
Prenzel and Arnold (43) found that among school children six to nine 
years old the incidence of tuberculous infection is higher among the weaker 
children. They believe that in many of the children with so called poor 
constitution the cause is tuberculosis. They also believe that a positive 
tuberculin reaction should lead one to suspect tuberculosis. Olbrechts 
(39) was unable to find any difference in development between negative 
and positive reactors. He found that among 286 with positive tests 
only three became negative. One originally had a slight reaction, 
another became negative prior to developing pertussis, and in the third 
case he found no explanation. Atsatt (21) feels that allergy fluctuates 
with the activity of the lesion and that by quantitative examination a 
critical threshold may be found that will aid tremendously in establishing 
the diagnosis after the allergy falls below this threshold. He believes 
that active tuberculosis can be ruled out. Baldwin, Petroff, and Gard- 
ner (44) say: ‘Allergy is depressed in the terminal stages of chronic tuber- 
culosis, in pregnancy and in certain intercurrent infectious diseases, such 
as measles, scarlatina, etc.” 

Some evidence has accrued to show that hypersensitiveness to tuber- 
culin, as revealed by the Pirquet test, may completely die out. Krause 
(45) (46) (47) discusses this occurrence in an admirable manner. Aus- 
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trian (48) reported 10 cases of children positive to the Pirquet test who 
later became negative. In a later communication (49), however, he 
found that, in those individuals whose Pirquet test had been positive and 
later diminished to negative, positive reactions were obtained, although 
mild, when 0.01 mgm. of Old Tuberculin was introduced intracutaneously. 
He believes that ‘The Pirquet test, though sufficiently refined to discover 
changes of reactivity, is a relatively gross measure of sensitiveness to 
tuberculin, and in some respects a less delicate gauge than the intracuta- 
neous test.”” Ferguson (50),in a study of tuberculous infection among the 
Indians of the Great Canadian Plains, observed that after the age of fif- 
teen years there is a slight reduction in the percentage of children react- 
ing positively to tuberculin. Leggett, Myers and Swanson (51) reported 
37 cases of children who had reacted positively to the Pirquet test and 
later became negative. When these children were called for retesting, 
twenty were not available. The Mantoux test was applied to the re- 
maining seventeen. In five of these cases with negative Pirquet tests, 
the Mantoux was positive, but in 12 cases both tests were negative. Bald- 
win, Petroff and Gardner (44) say: ‘Sensitivity to tuberculin is indicative 
of a state of allergy or immunity existing. Allergy persists as long as 
tubercle exists in the body. Complete anatomical healing or such com- 
pact fibrosis of the tubercle that no diffusion from its interior into the 
circulation is possible results in diminution or loss of allergy.” 

Petroff and Zinsser (52) have been able to produce transitory hyper- 
sensitiveness to tuberculin in guinea pigs by introducing into their bodies 
dead tubercle bacilli. Later Petroff and Stewart (53) sensitized guinea 
pigs with dead tubercle bacilli. While these animals were in the allergic 
state they inoculated into their bodies living tubercle bacilli. They 
found that the sensitized animals so treated outlived the controls on an 
average of forty-six days. The amount of microscopic disease was much 
less extensive in the sensitized animals than in the controls, which con- 
firms the belief that dead tubercle bacilli can cause some immunity. 
This raises the question as to whether tubercle bacilli in milk that have 
been killed by pasteurization may be present in sufficient quantities and 
would be absorbed in the digestive tract in large enough numbers to pro- 
duce hypersensitiveness to tuberculin in children. Adam (54) injected 
colon-bacilli vaccine into infants who were previously negative to the 
tuberclin test. They later reacted to tuberculin. He believes that this 
nonspecific induction of sensitiveness to tuberculin is a heterogenetic 
production of allergy. Calmette and Weill-Hallé (55) produced hyper- 
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sensitiveness in animals and children by introducing into their bodies 
tubercle bacilli attentuated in virulence. 

Usually, when we find a positive tuberculin reaction in a child, we 
believe it due to the presence of living tubercle bacilli, which have reached 
the body through direct or indirect contact exposure to a person or an 
animal suffering from tubercle bacilli or acting as a carrier. The type 
of tubercle bacillus causing the infection we are unable to determine with 
a high degree of accuracy by the tuberculin test. The work of Cunning- 
ham and Ratcliffe showed that 10 per cent of the reactions were due to 
bovine tuberculin alone. At one time it was believed that children in- 
fected with the bovine type would react positively only when tuberculin 
prepared from that type is used. It is now known that such a degree of 
specificity does not obtain. Tuberculin prepared from the human type 
may cause a positive reaction even when the infection is produced by the 
avian type of bacilli. Some of the preparations for cutaneous tests now 
on the market consist of tuberculin one-half of which is made from the 
human type and one-half from the bovine type of bacilli. Other prep- 
arations are from pure human or pure bovine type. 

Krause (56) has suggested that the more common occurrence of bovine 
infection in early as compared with later life is probably due to the greater 
opportunities the infant and child have for infection through cow’s milk. 
He calls attention to the fact that the evidence is overwhelmingly against 
the virulence of the bovine type for human beings of any age that is 
greater than that of the human bacilli. He believes that their virulence 
is much lower and that most bovine infections die out in time after they 
have performed considerable service by way of producing immunity 
during the period of childhood. The ingestion of cow’s milk is greatly 
decreased after the period of childhood, so that we find a preponderance 
of infections in adult life due to the human bacillus. 

What information do we obtain from a positive tuberculin test (epi- 
dermal or intracutaneous)? We feel that under ordinary conditions the 
test indicates tuberculous infection. If it ismarkedly positive it perhaps 
indicates a recent infection, reinfection, or progressive disease. Ol- 
brechts (39) found that the intensity of the reaction is increased in cases 
of pleurisy with effusion and bone and joint disease. Krause (56) states 
that the allergic reaction is responsible for all the acute manifestations of 
tuberculosis. Therefore we would expect the tuberculin test to be more 
marked in cases of pleurisy with effusion. Olbrechts (39) observed that 
children being exposed at the time they were tested showed a larger pro- 
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portion of marked reactions. He believes, therefore, that reinfections 
increase the intensity of the reaction, but not always. McCain, Lee, 
and Yoder (57) applied the tuberculin test to 7,005 school children in 
the primary and grammar-school grades and found that only 24.3 per 
cent reacted positively. They feel that the degree of reactions in posi- 
tive tests is of considerable value, particularly when the intracutaneous 
test is used. They find that the more vigorous the reaction the more 
likely is the child to have clinical tuberculosis. If the test is only slightly 
positive it may indicate that the preallergic stage is disappearing and the 
allergic stage is just beginning to appear. It may also indicate that the 
infection has been present for a considerable time and the hypersensitive- 
ness to tuberculin is beginning to wane. 

Opie and McPhedran (34) found that, among children who reacted to 
0.01 mgm. of tuberculin, the frequency of lesion demonstrable by X-ray 
increases with the intensity of the reaction. When the reaction is one 
plus, more than one-third showed lesions, but when the reaction is three 
or four plus, approximately two-thirds had definite lesions. Therefore 
they believe that marked hypersensitiveness to tuberculin is of consider- 
able significance. When it requires 1 mgm. of tuberculin to produce a 
skin reaction, X-ray examination reveals lesions in approximately 26 per 
cent. 

Dickey (58) made a study of intensity of tuberculin reactions in a series 
of 700 cases. He found that from the first to the sixth year there was a 
gradual increase in the size of the reaction. He points out that this may 
not be due to an increase in the degree of sensitization, but that one must 
take into consideration the relation between the size of the skin reaction 
and the total skin-surface area. He found that children who were in 
contact with open cases of tuberculosis were more sensitive than others. 
The reaction was more marked among children suffering from lymph- 
node, bone and joint tuberculosis and phlyctenular conjunctivitis than 
among those suffering from disease of the lung hilum. Among the cases 
classified as “latent tuberculosis,” the reactions were slightly less intense 
than the general average type. Therefore, the more marked the hyper- 
sensitiveness, the more significant the test as far as the present status of 
the individual is concerned. This is one of the best arguments for the 
intracutaneous method of applying tuberculin, as it permits the measure- 
ment of tuberculin with a consequent measurement of degree of hyper- 


sensitiveness. 
A positive tuberculin test in childhood with no evidence of clinical 
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disease may and perhaps usually does indicate the existence of a primary 
infection. Opie (59) finds that latent apical tuberculosis in the lungs of 
adults is always accompanied by evidence of preéxisting focal tubercu- 
lous infection of the childhood type. In cases of active pulmonary tuber- 
culosis he always finds evidence of an accompanying preceding tuber- 
culous infection. In acute miliary tuberculosis in adults he finds no 
calcified lesions or other evidence of previous infection, and therefore 
believes that the general dissemination occurs because the adult has not 
become resistant to tubercle bacilli through childhood infection. 

Beitzke (60) is of the opinion that the majority of infections in early 
childhood entirely heal or result fatally. If they heal, evidences may 
remain which he is convinced are no longer sources of danger. He be- 
lieves that the allergy produced, however, is a source of resistance to 
further infections. However, this protection may not suffice to ward off 
chronic pulmonary tuberculosis in later life if there is frequent exposure 
to tubercle bacilli. 

Krause (61) showed that in animals not rendered immune by previous 
infection there was a marked tendency for tubercle bacilli, when inocu- 
lated, to migrate from their point of entry. Willis (62) found that, when 
he rendered animals allergicand laterinoculated tubercle bacilli, the bacilli 
migrated from the point of entry much more slowly than they did in 
nonimmune animals. He found, therefore, that the immune animals 
had the ability to fix the tubercle bacilli at the point of introduction for 
four days after inoculation. 

Rich and McCordock (63) believe it possible that tubercle bacilli do 
not spread rapidly in the immune animals because the bacilli may die 
in much greater numbers than in the nonimmune animals both at the site 
of inoculation and within any organ they enter. 

Krause (64) inoculated immune guinea pigs subcutaneously and found 
that it required from three weeks to thirty days for the bacilli to travel 
from the groin to the lungs, tracheobronchial lymph nodes and spleen, 
whereas in nonimmune animals this journey required only four days or 
less. Thus the immune animals did not die from the disease for ten or 
eleven months while the nonimmune animals would die in approximately 
three months after the inoculation. From these and other experiments, 
Krause (65) and his co-workers believe that ‘“‘Tuberculo-immunity is a 
function of tissue allergy, the essence of which in operation (allergic reac- 
tion) is an accelerated and exaggerated tissue response to reinfection; a 
response which serves to hem in the bacilli of reinfection and thus inter- 
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fere with the immeasurably more rapid migration characteristic of them 
in nonimmune animals.” Again Krause says: 


In summary we may repeat here that both tissue allergy and immunity are 
attributes of animals with tubercle; that the allergic reaction is set into play 
by the tissue contact of immune animals with dissociated tuberculo-protein or 
with tubercle bacilli, living or dead; that its characteristics are prompt appear- 
ance and vigorous course of a tissue response, marked by acute inflammation 
that is followed by accelerated development of characteristic nodular tubercle; 
that the effect of these extraordinarily rapid and exaggerated reactions is to 
fix bacilli and thus impede their mobilization from the site of infection; and 
that the visible ultimate consequence is that appearance of delayed, abortive 
or more chronic disease which answers to our representations or concepts of 


immunity. 
Again Krause (66) says: 


But, as soon as any and every initial infection is established, we are obliged 
to reckon with two new bodily (tissue) attributes that conceivably affect 
pathogenesis. As soon as first tubercle is formed, all the tissues acquire a new 
capacity to react to tubercle bacilli in an acute inflammatory manner. This 
property, denominated as allergy, embodies a condition of tissue hypersen- 
sitiveness to the protein constituents of the tubercle bacillus. By virtue of the 
presence of tubercle the body also becomes specifically over-resistant, that is, 
immune to fresh implantations of tubercle bacilli, or to any further extension 
of those bacilli that may be already focalized. 

As to the identity or nonidentity of tuberculoallergy and tuberculoimmunity, 
little need be said here. The question is not settled, and the two shall be 
treated here as separate phenomena. For our purposes immunity is regarded 
as that condition of increased specific resistance to implantation and extension 
of tubercle bacilli, and allergy as that state of tissue hypersensitiveness to 
tuberculoprotein that come into existence with the earliest formation of specific 
anatomical tubercle. Both immunity and allergy continue at work within the 
body as long as tubercle, with its tubercle bacilli, persists. . . . But as to the 
mechanism of tuberculoimmunity we can speak with little certainty. Of all 
the varied so called “immune phenomena” that modern immunology has dis- 
closed, one, and only one, process seems to bear any uniform relationship with 
immunity, if we restrict the term immunity to a condition of specifically in- 
creased resistance to implantation and extension of tubercle bacilli. Allergy 
alone appears and acts in a way that leads one to associate it with immunity. 
As with immunity, the presence of anatomical tubercle is necessary for the 
existence of allergy. The allergic state is recognizable only through the 
appearance of the allergic reaction. This reaction is marked characteristically 
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by elements of acute tissue response, by features of acute inflammation. If 
intense enough, the reaction will result in tissue necrosis (caseation), and there 
is reason to believe that the necrosis, a destructive phase of tuberculosis, is 
brought about by the allergic reaction. But, involved in the allergic reaction 
is also an accelerated proliferation of cells that build up nodular tubercle, and 
as one end-result of the reaction must be regarded an enhanced fibrosis of the 
tuberculous process. / 


A negative tuberculin test is becoming more and more important as 
the incidence of tuberculous disease and infection decreases. A definitely 
negative reaction (in the absence of conditions said to reduce hypersensi- 
tiveness, such as certain febrile diseases) indicates that the individual 
does not at that time have tuberculous infection, although it may have 
been present at some previous time and have completely died out. A 
negative test therefore is extremely helpful in diagnosis, ruling out pres- 
ent tuberculous infection. 

Tuberculin tests have afforded much information about tuberculosis. 
In the early days of these tests a high incidence of infection was revealed 
among children by Pirquet (5), while Hamburger and Monti (4) found 
a still higher incidence in the same city, Vienna (table 1). Nobecourt 
(40) is of the opinion that cutaneous tuberculin tests give positive reac- 
tions in such high percentages of children that they are of very little 
value in prognosis except in the very young infant. He found that, 
between the ages of two and four years, from 49 to 87 per cent of the 
children reacted negatively, while, between the ages of eleven to four- 
teen years, between 6 and 45 per cent reacted negatively to tuberculin. 
He feels that tuberculosis is a scourge of childhood, and since there are 
other conditions which may very closely simulate its clinical course, the 
tuberculin test is of great value in diagnosis. In 1916 Weith (67) raised 
the question as to whether it was wise to apply Pirquet tests in the schools 
of Lausanne. He pointed to the fact that authorities believe that 95 

per cent of all children are tuberculous or have the disease in a latent 
form. He therefore asked of what value the Pirquet test could be, point- 
ing out that it would have to be repeated very frequently because those 
who were negative might at any time become positive. He inquired 
further whether a negative test would guarantee that a child did not have 
tuberculosis. He was not opposed to the tests, but was of the opinion 
that they hardly justify the tremendous amount of work that would be 
required to perform them. This perhaps was the view of large numbers 
of physicians at that time, but in more recent years our views have 


| 

ay 

bi 


TUBERCULOUS INFECTION IN CHILDHOOD 495 


changed tremendously. In many parts of the world the incidence of 
infection has been found to be far less than we formerly believed it to be. 

Hoffmann (16), in 1919 to 1921, found that only 47.5 per cent of the 
dispensary and hospital children suffering from diseases other than tuber- 
culosis reacted positively while only 26.7 per cent of the apparently 
healthy children from kindergartens, orphan asylums and day-nurseries 
were positive. He then examined school children, applying the Pirquet 
test (table1). He later used Hamburger’s method, and found a consider- 
ably higher incidence of infection. Ickert (68), in studying children 
from three industrial districts, observed that 52 to 65 per cent of the in- 
fected children had family-contact exposure, while approximately 62 
per cent of the noninfected children came from families that were free 
from tuberculosis. Zimmermann (69) applied the tuberculin test and 
found 18 per cent of a group of 582 children negative. He believed that 
controlling mild infections helps to prevent disease in later life. Ol- 
brechts (39) applied tests to 930 children in tuberculosis dispensaries. At 
four to five years 40 per cent reacted positively, while at fourteen to fif- 
teen years 69.5 per cent were positive. The average for the entire group 
was 54 per cent. He did not find the gradual increase occurring from 
year to year that some authors have reported, but that the proportion of 
positive tests was higher in children under six years of age. 

In table 1 the percentages from the work of Veeder and Johnston (30) 
include cases of clinical tuberculosis. It will be seen that in the age- 
group ten to fourteen years the percentage of positive reactions was 44, 
but, when they excluded their cases of clinical tuberculosis, this percent- 
age dropped to 36. McLean and Jeidell (70) tested 3,742 children, 15.3 
per cent of whom reacted positively. There was very little difference 
in the percentages of reactors in the two sexes. The authors noticed, 
however, a great prevalence of tuberculosis in the negro race, even in 
infancy. In fact, 20.45 per cent of the negro children examined were 
positive. In their group (table 1) there were 168 children reacting posi- 
tively who were three or more years old. 

In his excellent studies in Chautauqua County, New York, Rathbun 
(71) found 41 per cent of the children in the largest city of the county 
reacting positively, whereas 25 per cent in a small village gave the same 
reactions. Elliott (72) calls attention to the Ontario survey, which 
showed that, among 1,321 children examined in towns and rural com- 
munities, 15 per cent of four years or less, 23 per cent from five to nine 
years, 41 per cent from ten to fourteen years, and 52 per cent above fif- 
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teen years reacted positively. It was interesting to find that among the 
children living in town 47 per cent from ten to fourteen years were posi- 
tive while only 27 per cent of those at the same age living in the country 
reacted positively. From fifteen to eighteen years of age 59 per cent in 
the towns and 32 per cent in the rural communities were positive. In 
Quebec (73) the percentages of positive reactions were 31, 50, 56, 70, 66 
and 62 for the ages of six, seven, eight, nine, ten, and eleven respectively. 
Chadwick and Zacks (74), in their excellent studies on childhood tuber- 
culosis, found on examination of 42,000 that only 28 per cent were 
positive. The incidence of infection increased from 21 per cent at the 
age of five to 35 per cent at the age of fifteen years. ‘They found consider- 
able variation in the incidence of infection among different sections of 
the same cities. In one city of 60,000 population the incidence in the 
different school-districts varied from 11 to 60 per cent. They observed 
that susceptibility does not differ among children of various nationalities. 

Ferguson (75) (76) showed that in the province of Saskatchewan, 
Canada, the incidence of infection among children from six to fourteen 
years was 56.6 per cent. 

Lowey (77) examined 1,550 in kindergartens in Cologne. He applied 
the Moro test, and his percentages may be seen in table 1. He calls 
attention to the fact that the incidence of infection is lower in his group 
than is usually reported. He believes this due largely to the fact that 
many groups reported are from hospitals, dispensaries and other institu- 
tions, but one must not overlook the fact that the Moro test, as applied 
at that time, is less accurate than the Pirquet or Mantoux test. 

Slater’s (78) work showed a much lower percentage of reactors than 
many had even believed to be possible in any community. He thought 
this perhaps due to the fact that many infections were light, so that the 
hypersensitiveness to tuberculin did not persist. Although his averages 
were low for each year of life studied, he found that when there was no 
history of exposure only 5.3 per cent, while in the presence of a history 
of definite exposure 81 per cent were positive. McCain (79) from 1926 
to 1928 applied tuberculin tests to 25,048 school children, 2,498 of whom 
were colored. The reactions were positive in 22.7 per cent of the white 
children and 27.34 per cent of the colored children. Mattill and Fenger 
(80) in an excellent study of infection in childhood (table 1) applied 
tuberculin tests to 1,566 boys and 1,445 girls. Of the boys 23.11 per 
cent, and of the girls 22.28 per cent were positive. In the larger towns 
the incidence of infection was generally found to be higher than in the 
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smaller towns. Frost (81) is finding in a rural community about 22 per 
cent of the school children positive to tuberculin. 


Chadwick and Zacks (74) say: 


The tuberculin survey made in 1917 by the Framingham Demonstration and 
the one made in 1926 by the State Clinic for the same age group, six and seven 


TABLE 2 


Relation of history of exposure to reaction to Pirquet test: boys and girls: 6,000 cases 


REACTIONS REACTION 


HISTORY OF EXPO- | CASES WITH | sroropy oF EXPO- 

SURE IN POSITIVE | NEGATIVE | Soe 
PIRQUET PIRQUET 
PIRQUET REACTIONS 


CASES 
THAT DID 
NOT 
RETURN 


TOTAL NUMBER OF CASES 


| Questionable 


| Questionable 


| Number 


60.1 
47.5 
49.3 
51.3 
50.6 
49.8 
51.5 
51.8 
50.0 
49.6 
49.7 
48.2 
41.8 
43.0 
42.3 
45.5 
36.8 
51.0 
50.0 
50.0 
100.0 


3,024150. 2,911] 48.5]1,271 


i) 


1,241 


0.4 


39 | 0.7 


years, show a reduction of 23 percent. The childrenin the 1926 group averaged 
5.7 years older than those examined in 1917, but the percentage of reactors was 
23 per cent less. While the numbers considered in this comparison are small, 
the marked reduction in infection checks up with the reduced death-rate in 


CASES WITH NUMBER 
POSITIVE OF 
PIRQUET PIRQUET 
REACTION TESTS 
Less 
than 
lyr.| 158} 62/39.3} 50} 4| 95 78} 12 0.6 
1 158] 76/48.1| 63] 6} 7| 75 57, 9 7| 4.4 
2 | 270} 131/48.5} 102} 20) 133 104) 12} 1 211.2 
3 | 275} 131]47.6] 101] 9] 21) 141 22} 27 1.1 
4 | 336} 161/47.9] 123} 13] 25] 170 118] 21} 31 0.9} 0.6 
5 | 379] 130] 12] 42] 189 99] 23} 67 0.8} 3] 0.8 
6 | 247/47.1] 151] 18] 78} 270 109} 42} 119 0.8} 3 | 0.6 
7 | 535) 253/47.3] 153] 24) 76) 277 25} 148 0.2} 4] 0.7 
8 | 476] 237/49.8] 128] 33] 76] 238 84) 37) 117 1 | 0.2 
9 | 446] 221/49.5) 135} 21] 65} 221] 73] 23) 125 0.2} 3| 0.7 
10 | 451] 226/50.1} 106] 28] 92) 224 72| 38] 114 0.2 
11 432| 224/51.8] 23} 94] 208 67| 33] 108 
12 226/57.5| 128] 22] 76] 164 55| 28} 81 3| 0.7 
13 | 363} 201/55.4; 111] 27] 63] 156 46] 28} 82 0.5} 4] 1.1 
14 | 195/56.2) 119) 19] 57| 147 49} 19} 79 0.6 3| 0.9 
15 | 259! 139/53.7; 73} 50} 118 38] 17] 63 0.4, 0.4 
16 114) 69/60.5} 47} 4} 18) 42 14, 23 2] 1.8 
17 51} 25/49.0] 18} 2) 5] 26 
18 26} 13/50.0; 5} 3] S| 13 2 7 
19 6} 3150.0 1} 2 3 1 
20 1 0.0; O| O 1 1 
Totals |6,000 399] = 
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Massachusetts for all forms of tuberculosis, which declined from 144 per 


100,000 population in 1917 to 73 in 1927. 

Tuberculous infection is no longer universal in Massachusetts. The increase in 
infection from five years to fifteen years averages one point per year. Grant- 
ing that the same rate continued, the children now fifteen years of age would 


show but 50 per cent infection when thirty years old. 


TABLE 3 
Relation of history of exposure to reaction to Pirquet test: girls: 3,058 cases 


CASES WITH HISTORY OF EXPO- | CASES WITH HISTORY OF 
POSITIVE SURE IN POSITIVE NEGATIVE EXPOSURE IN 
PIRQUET PIRQUET PIRQUET NEGATIVE PIRQUET 

REACTION REACTIONS REACTION REACTIONS 


TOTAL NUMBER OF CASES 


Questionable 
| Questionable 


1 
5} 0 


SN Www O 


GW 


0.5} 22 | 0.7 


Totals {3,058 966 194} 654 


Among the first 2,000 children examined at the Lymanhurst School 
for Tuberculous Children (82), 42.6 per cent of the girls and 40.6 per 
cent of the boys were positive reactors. A later report of the first 4,500 
children examined at Lymanhurst (83) showed that 51.3 per cent of the 
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1 yr. 70} 31) 44.3} 27 1.4 

1 83] 35] 42.2] 34 6 | 7.2 
2 | 67] 48.9] 53 2.4 312.2 
4 3 | 121] 54] 44.6] 43 0.9 

4 | 181] 81] 44.8] 62 3144 
5 | 89] 48.4) 72 1.6] 1] 0.6 
6 | 265} 129) 48.7) 74 1.1) 1] 0.4 
7 | 273} 120) 44.0] 77 3] 1.1 
8 | 243] 120] 49.4] 69 

9 | 215] 100] 46.5) 61 

i 10 | 233) 133) 57.1] 57 0.4 

11 | 238} 121] 50.8} 57] 10} 54} 117] 49 

12 | 212} 59.9} 72] 15} 40) 85] 40 9 

13 | 195] 55.9] 68] 32] 43 0 2| 1.0 
14 | 175} 99] 56.5} 62] 10] 27] 72] 41 7 0.6, 3] 1.7 
i 15 118] 69} 58.4, 32] 30} 49] 41 1 

16 62} 40] 64.5} 30] 1] 9] 21! 33 1 1| 1.6 
17 28; 13} 46.4, 10] 1] 2] 15) 53 9} 

18 19} 13) 68.4, 5] 3! 5! 631 4 

19 5} 3/ 60.0; 1] 2} 2) 40 1 | 
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girls and 49.7 per cent of the boys reacted positively. These children 
for the most part were brought to the Lymanhurst Clinic for some such 
cause as history of exposure or evidence of illness. In a group of 2,118 
children examined in schools (84), where exposure, health, etc. played 


TABLE 4 
Relation of history of exposure to reaction to Pirquet test: boys: 2,942 cases 


CASES WITH | HISTORY OF EXPO- CASES WITH HISTORY OF 
POSITIVE SURE IN POSITIVE NEGATIVE EXPOSURE IN 
PIRQUET PIRQUET PIRQUET NEGATIVE PIRQUET 

REACTION REACTIONS REACTION REACTIONS 


TOTAL NUMBER OF CASES 


Questionable 
| Questionable 


| None 


64.8 
44.0 
51.9 
48.7 
47.8 
50.2 
53.3 
48.5 
49.4 
45.9 
57.4 
47.0 
43.6 
42.8 
43.6 
48.9 
40.4 
48.0 
100.0 
100.0 
0.0 


Totals |2,942/1,471) 50. 49.0 


0.4) 17 | 0.6 


no part in the selection of children, 45.89 per cent of the girls and 48.76 
per cent of the boys reacted positively to tuberculin. In tables 2, 3 and 
4 the first 6,000 children examined at the Lymanhurst School are re- 
ported. Of the total number 50.4 per cent reacted positively to tuber- 
culin. 


NUMBER CASES 
OF THAT DID 
PIRQUET NOT 
TESTS RETURN 
3 Bl 8/8 
218 8 
Less 
than 
1 yr. 88} 31] 35.2} 23 5} 3] 57 47; 6| 4 0 
1 75| 41} 54.6] 29 6| 33 25} 4) 41 O 1 | 1.4 
2 133} 64| 48.1) 49 11] 69 56, 7] 6 
3 154} 77] 50.0) 58 6| 13} 75 49} 12] 14 1.3 
4 155} 80} 51.6] 61 8| 11} 74 52} 10) 12 0.6 
5 195} 95] 48.7} 58 8| 29] 98 37 241.1 
6 259}: 118] 45.5] 77 7| 34) 138 52) 23] 63 0.4 2/|0.8 
7 262} 133} 50.7] 76 | 19) 38) 127] 53} 17) 57 0.4 1/0.4 
8 233} 117] 50.2} 59] 21) 37) 115) 45} 17| 53 1| 0.4 
9 231] 121] 52.4, 74] 14] 33) 106 34) 9) 63 0.44 3] 1.3 
10 218} 93] 42.6} 49] 13] 31] 125 41} 26) 58 
11 194} 103} 53.0) 50] 13] 40} 91 31} 15} 45 
12 181} 99] 54.7| 56 7| 79 10} 42 14:9 
13 168} 92] 54.8) 43] 18) 31) 72 27) 13} 32 21%2 
14 172| 96] 55.8] 57 9} 30) 75 24, 9} 42 0.6 
15 141} 70} 49.7) 41 9} 20) 69 23} 14} 32 0.7} 1|0.7 
16 52} 29) 57.6] 17 3} 21 6} 3} 12 1.9} 1] 1.9 
17 23} 12] 52.0; 8 63} 3} O| 8 
18 7 0} 0.0) 0 7 
20 0 0} 0.0) O 0 
651| 205] 
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It is generally believed that the incidence of tuberculous infection 
increases progressively with age. For the most part this is true in our 
group (table 2) until the age of seventeen years. During this year and 
beyond, the number may be too small to present a true picture. Mioche 
(85) also found that incidence of infection increases with age. Sill (41) 
calls attention to the fact that in his series (table 1) there was a rapid in- 
crease in the number reacting positively to tuberculin after the fourth 
year, reaching 50 per cent at the age of thirteen years. He agrees with 
other authors that we had formerly considered the incidence of tubercu- 
lous infection in childhood too high. He shows that among children 
under four years of age from healthy families it is very low. After the 
fourth year, however, the number infected increases. He believes that 
the older children contract their infection from sources outside the home. 
Slater (78) and Mattill and Fenger (80) did not find that the percentage 
of positive reactions always increases with age. 

Differences in incidence of infection between the sexes have been re- 
ported by some authors and denied by others. Tables 3 and 4 show that 
in our group 50.8 per cent of the girls and 50 per cent of the boys were 
positive. Pach (86), in reporting his work on tuberculosis among chil- 
dren, found in Budapest that the disease is much more frequent in girls 
thanin boys. His study includes the years 1911 to 1922. Among those 
five years or under, there were 1,291 boys and 1,241 girls; 51 per cent of 
the boys and 49 per cent of the girls were infected. From five to ten 
years there were 311 boys and 458 girls; 40.5 per cent of the boys and 
59.5 per cent of the girls were infected. From ten to fifteen years there 
were 294 boys and 732 girls; 28.7 per cent of the boys and 71.3 per cent 
of the girls were infected. Koeffer (87) made a careful study of children 
in primary schools, and placed those reacting positively to tuberculin 
under observation. He found that a large number of new infections 
appeared in the girls during the first school year. Hoffmann (16) ob- 
served no difference in the incidence between boys and girls. 

In tables 2, 3 and 4 it will be seen that of those children reacting posi- 
tively to tuberculin many more gave histories of definite exposure than 
was true among those reacting negatively. Although a considerable 
number of our positive reactors gave no history of exposure, we must not 
overlook the fact that a member of a family may be discharging large 
numbers of tubercle bacilli and still be ignorant of their presence. Again 
there are many possibilities of casual contact exposure sufficient to result 
in hypersensitiveness to tuberculin. Exposures of long duration are 
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considered of greater danger than casual contact. Unverricht (88) re- 
ports a case of a boy of seven years and his younger brother who became 
infected from twenty-four hours’ exposure to an adult girl suffering from 
pulmonary tuberculosis. Although the tuberculin test had previously 
been negative, the older boy developed a positive intracutaneous test 
forty-six days after the exposure, but the Pirquet test was not positive 
until sixty-seven days after the exposure; therefore, it would appear 
that the intracutaneous test is more accurate. A year later neither of 
these boys showed any evidence of clinical tuberculosis. 

K6ffler (89), in studying tuberculous infection in children, selected 
eight families each with a tuberculous member with large numbers of 
tubercle bacilli in the sputum. In these families there were 24 children 
under fourteen years of age. He selected a second group of nine families 
where the tuberculous members had very few tubercle bacilli in the spu- 
tum. Among these families there were 29 children under fourteen years 
of age. Among the group of 24 children all reacted positively to tuber- 
culin with the exception of three infants, whereas in the group of 29 
children only fourteen reacted positively and they required much larger 
doses of tuberculin than the first group. He concludes that the children 
of the first group of families were frequently reinfected and this caused 
an increase in the sensitiveness to tuberculin. He believes, however, 
that reinfection is far less important than the first infection. 

Green and Forbes (90) applied tuberculin tests to 84 children between 
the ages of one and fifteen years. Forty-eight of the children gave his- 
tories of contact exposure in the homes. Of these forty-eight, 64.5 per 
cent reacted positively to tuberculin, whereas, of 38 children with nega- 
tive histories of exposure in the home, 19.4 per cent reacted positively. 
The authors found no relationship existing between the incidence or the 
degree ofmalnutritionandinfection. Olbrechts (39) observed that practi- 
cally all children living in contact with open tuberculosis developed a 
positive reaction. Austrian (48) points to the importance of preventing 
exposure to reduce the risk of clinical disease. In an excellent study of 
the contagion of tuberculosis Opie and McPhedran (34) have pointed out 
the great dangers of exposure in childhood. They found that the inci- 
dence of tuberculous infection increases with the duration of exposure. 
When the exposure was from one to two years or over, 95 per cent of the 
children showed evidence of infection. They conclude that “When 
latent tuberculosis is taken into consideration, tuberculosis exhibits the 
characters of a contagious disease and affects all children of households 
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within which some member, suffering with tuberculosis, scatters tubercle 
bacilli.” Richdorf and Hetzler (91) found tuberculous infection occurred 
twice as often in exposed as in nonexposed children. 

One must expect, therefore, to find a high incidence of infection among 
children in any country, city or community where the incidence of dis- 
ease is high and the children have contact with the tuberculous cases. 
Pai and Venngopal (92) observed that 80 per cent of the children in India 
reacted positively to tuberculin by the end of the fifth year. They found 
that 94.2 per cent of the general population was infected. Cabella and 
Oliver (93) applied the intracutaneous test to 157 Argentina children 
who were apparently in good health; 73.58 per cent reacted positively. 
Garrahan and Irola (94) tested 1,214 children from orphan asylums and 
poor homes in Buenos Aires and 74 per cent were positive, but among 
the children who lived in asylums 20 per cent less were positive than 
among those who lived in homes. In China, however, where one might 
expect to find a high incidence of infection, Korns (95) reports the inci- 
dence of infection 30 per cent among 2,049 children from eight to twenty 
years old. Ferguson (50), in studying tuberculosis among the Indians 
of the Great Canadian Plains, found among 374 school children the inci- 
dence of infection to be slightly greater than 60 per cent at the age of 
about seven and one-half years. It was approximately 96 per cent at 
the age of eleven years. This high incidence was present until the age 
of fifteen years when there was a slight reduction. The average age of 
the entire group was 12.4 years, and 92.24 per cent were infected. Fer- 
guson found that the full-blooded Indians showed only a slightly higher 
incidence of infection than the half-breeds. 

Hetherington (42) examined 1,999 Philadelphia children between the 
ages of five and sixteen years and found an unusually high percentage of 
reactors (table 1). 

The tuberculin test, when applied to children in schools, etc., may be of 
great aid in locating open cases of tuberculosis. On a number of occa- 
sions positive reactions among children brought to the Lymanhurst School 
have directed searchers to the sources of exposure. Leigh (29) made a 
study of tuberculous infection among children, and pointed out that the 
home investigation of a child is frequently the means of locating several 
other children with similar findings in the same family. In fact, 35 per 
cent of his cases were secured in that way. He found many children 
living in immediate contact with cases of active tuberculosis. 

In a community where the incidence of disease and infection have been 
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reduced there may develop conditions which in a short time will return 
them to their former elevation. War may be such a condition. Bart- 
schmidt (96), analyzing the histories of children in the Munich University 
Pediatric Clinic, from 1912 to 1919 found that the Pirquet test was posi- 
tive earlier in life during the years of the war than in the preceding years. 
He points out that during the early years of the war the care of the chil- 
dren was often left to the sick who were unable to engage in military ser- 
vice. This, however, was remedied in the later years, when the chil- 
dren’s diets, etc., were well provided. He fears, however, that many of 
these children infected so early in life may suffer from severe forms of 
tuberculosis during school ages. Umber (97) studied tuberculosis among 
children in Germany, and found a marked rise in the number reacting 
positively to the Pirquet test during the war, and the effect lasted through 
1920. He points out that following the war the figures were higher than 
preceding it. Pape (98) made a study of 10,840 children in Frankfort, 
and found that there had been a decrease in the number of reactors until 
1916 and 1917. There then appeared a definite increase in the incidence 
of infection and in the severity of the disease among children. 

For some years we have been pointing to the rapidly declining death- 
rate and the reduced incidenceof infection. Infact, wehaveoften become 
overoptimistic and when our optimism was at its height Hetherington 
(42) reported an incidence of infection among Philadelphia school chil- 
dren that closely approximates that reported by Pirquet (5) and Ham- 
burger and Monti (4). Hetherington’s report was quickly followed by 
that of Chadwick and Zacks (74), in which it is shown that in certain 
sections of Massachusetts there is still a high incidence of tuberculous 
infection among children. The victories won by tuberculosis in parts 
of Europe during and after the World War can be won in many parts of 
the world under conditions similar to those experienced by Europe. Such 
facts should dampen our optimism and force us to recognize the tubercle 
bacillus as a most treacherous enemy which can be subdued and held in 
abeyance only by constant warfare. 
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TUBERCULOSIS AMONG GIRLS AND BOYS IN THEIR 
TEENS! 


J. A. MYERS anp L. M. KERNKAMP 


Good evidence is accruing to prove that tuberculosis has ebbed and 
flowed through the centuries of the past. Krause (1) says: 


It is an ancient malady, we know. It was rife when the Asclepiads of Cos 
wrote down its more grisly features in our first medical classics. We know too 
that it rode into our own era at the head of the hosts of death. Nevertheless, 
until the time of our pathfinders of the newer medicine, the story of the effects 
of phthisis is almost a blank page. 

From much that is said and written we get the idea that, ever since its first 
diffusion throughout the civilizations of old, tuberculosis, until yesterday, 
reigned chief among mortal diseases, settled as a pall over all human effort 
that aspired to the higher reaches of community existence; that never, since 
the zenith of Assyria and Egypt, when populations began to teem and well 
over, has its sweep been stayed until lately; that this retreat of tuberculosis 
from first place, amazing event of our day, is a new thing in the annals of man. 
But is this doctrine of the uninterrupted hegemony of tuberculosis correct? 
We are inclined to doubt it because it will not fit in with the facts of the social 
history of Europe. The more fully these are coming to light the more there is 
emerging the likelihood that, after the wreck of the Roman Empire, there 
must have been long periods when tuberculosis was in relative abeyance, if 
indeed it did not entirely disappear, in regions where it had once been prevalent. 


In recent years there has been a great deal said about tuberculosis 
among teen-age girls and boys. Is it more prevalent that it has been 
in the past? Peller (2) made a study of the mortality of tuberculosis 
during the eighteenth century in Vienna. He points out that the statis- 
tics for 1752 and 1753 differ from those of the twentieth century in that 


1 From the Departments of Preventive Medicine and of Internal Medicine, University of 
Minnesota, Minneapolis, Minnesota. 
2 Prepared with the aid of a grant from the Medical Research Fund of the University of 


Minnesota. 
* Presented in part at the Mississippi Valley Conference on Tuberculosis, Des Moines, 
Iowa, September 19, 1928, and the Minnesota Pathological Society, February 18, 1930. 
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the incidence of tuberculosis is higher in the early ages and after the 
twentieth year than during the period of puberty. He believes that the 
living conditions in modern times may be accountable for the higher 
mortality during the period of the teen ages. 

In modern times, teen-age tuberculosis is undoubtedly very destruc- 
tive. Werle (3), Harrington (4) and Meyerding (5) have shown that 
in the States of Michigan, Wisconsin and Minnesota the mortality from 
tuberculosis among the girls of fifteen to twenty-four years of age is 
much higher than that among the boys of the same age. Green (6) 
has found approximately the same figures in Cleveland. Among 1,000 
apparently normal high school students, Rathbun (7) found 1.3 per cent 
with pulmonary tuberculosis, either in a healed or active stage. 

Studies on tuberculosis mortality in the Registration Area of the 
United States have, in recent years, brought to light some facts which 
should concern every member of the medical profession. They have 
shown a tremendous decrease in the general mortality, but from the ages 
of fifteen to twenty-four years the decrease is approximately half as 
great. From fifteen to nineteen years the death-rate for girls is about 
75 per cent higher than that for boys, while from twenty to twenty-four 
years 20 per cent more young women than young men die. 

What has happened or what is happening in this country to cause the 
declining mortality curve to be so disrupted at this period of life? Is 
this true throughout the world or is it a problem peculiar to the United 
States? Apparently it is not true in England and Wales, for Cobbett 
(8) states that the decline in tuberculosis mortality has been greatest 
between fifteen and twenty-five years, and that the young women of 
this age-group benefited rather than the young men. 

We must not get the impression that tuberculosis has been attacking 
the boys and girls of teen ages only during the last few years. In 
Trudeau’s autobiography we read of his daughter as follows: 


When Chatte reached the age of sixteen, my wife and I decided she should have 
more opportunities in her education and in coming in contact with other young 
people, and so in the fall of 1887 we sent her to a girls’ school in New York City. 
At first her letters and the accounts we received showed us she was homesick 
and not very happy, but in January she wrote she didn’t feel well, and our 
friends said her appetite had fallen off and that she had indigestion. I laid 
all this to the confinement of school and city life, but as she did not seem to get 
any better I began to be anxious, and finally wrote her to come home for Easter 
and let me take a look at her. I met her at the train and brought her home, 
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and I never shall forget the shock her appearance gave me. From a plump, 
robust young woman she had changed to a pale, listless girl, and as she went 
upstairs to see her mother, I went into my office and shut the door. The ter- 
rible truth flashed upon me as I remembered how my brother appeared when he 
was taken ill and came to see me in Newport. I knew it was the same old 
story, and I felt stunned and had to wait a long time to get hold of myself 
again before joining the family circle. I at once made up my mind I must 
know the truth and alarm her as little as possible. It was my responsibility 
and I could share it with no one, so I did a piece of acting that day which I 
shall never forget, with a smile on my face and a breaking heart; for before 
night I knew the truth in all its shocking details. . . . . For nearly three 
years we watched helplessly her young life fade away under the relentless 
attacks of her disease. . . . . She died on the night of March 20, 1893. 


Kopec (9) studied the vital statistics of Warsaw from 1913 to 1923. 
He found that during the war older children and adolescents suffered 
terribly from tuberculosis. He believes that exposure to cold, poverty 
and lack of food affected the physical development of these children as 
they passed into and beyond the period of puberty. He found that 
during puberty tuberculosis caused one-half the deaths among girls and 
one-third the deaths among boys. In the case of pulmonary tuberculosis 
he found 100 boys to 151 girls, and for acute miliary tuberculosis 100 
boys to 220 girls. 

Hess (10) states that the mortality from tuberculosis increases begin- 
ning about the thirteenth year. Among girls there is a rather sudden 
increase beginning at the age of twelve years, but this increase does not 
appear among boys until the age of sixteen years. He believes this due 
to the onset of puberty, and that it is probably due to an “autogenous 
reinfection” from a latent process. 

Langendérfer (11) studied children from tuberculous families and 
found that one of the most dangerous periods is just before and just 
after puberty. 

Knopf (12) (13) calls attention to the fact that in New York City 
there were 17 deaths among boys and 44 among girls at age ten to fourteen 
years in 1924. The same year there were 116 deaths among boys and 
227 among girls at age sixteen to nineteen years. He thinks the higher 
mortality among girls may possibly be due to the fads, particularly that 
of obtaining and retaining a slim figure. 

Austrian (14) believes that the number of young individuals exposed 
to the risk of tuberculous infection that will develop clinical tuberculosis 
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is relatively small if the hygiene and diet are right, and the contact with 
the tuberculous patient is discontinued. 

Dietl (15) is of the opinion that pulmonary tuberculosis in adolescents 
is due to reactivation of a primary lesion, but he has no explanation for 
the fact that the upper lobe is most frequently the site of adult pulmonary 
disease. Ranke (16) and others compare the stages of tuberculosis to 
those of syphilis. They speak of the primary lesion, which so often is 
located anywhere in the lung parenchyma, the secondary stage in the 
hilum and tracheobronchial nodes, and the tertiary stage usually in the 
upper lobes involving the lung tissue. 

In studying the contagion of tuberculosis Opie and McPhedran (17) 
have found that in exposed children the onset of manifest tuberculosis 
in most cases made its appearance between the ages of eleven and sixteen 
years. By X-ray studies they were not always able to determine whether 
the disease was of the childhood or adult type. However, in all but one 
case they found focal pulmonary tuberculosis and in most cases there 
was extensive disease of the tracheobronchial nodes. They were unable 
to find any evidence of disease extending from the childhood foci in the 
tracheobronchial nodes into the lung substance and causing the adult 
type. Often they found the childhood lesions on one side and the adult 
apical tuberculosis in the opposite lung. Thus they are convinced that 
the adult type of disease usually is due to continued exposure to exog- 
enous sources. 

The medical profession carries a great responsibility. In addition to 
the general duties of aiding in the healing of disease, giving relief to suffer- 
ing and preventing disease, each physician has duties as an educator 
which might, of course, be considered as preventive disease work. ‘There 
are some problems which are not strictly medical, which the physicians 
can help to solve, as well as those that are medical, in order to help 
reduce the mortality from tuberculosis among boys and girls of the teen 
ages in this country. 

With the hope of bringing together some of the outstanding facts 
about tuberculosis in early adult life, we have made a study of the girls 
and boys from the teen ages to twenty-one years in whom we found 
sufficient evidence to diagnose tuberculosis. Our group consists of 242 
cases. Sixty-four are from the Lymanhurst Out-patient Department 
and will be treated separately, because their average age is younger 
(13.45 years) and it has, to this time, been impossible for us to determine 
in some cases whether we were dealing with the childhood or adult type 
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of tuberculosis. The remaining 178 will be designated the older group 
as their average age is 18.45 years (table 1). They are mostly from our 
private files and the Students Health Service of the University of Minne- 
sota. When grouped according to sex it was found that 64.01 per cent 
(table 2) of the Lymanhurst group were girls while in the older group 
73.7 per cent were girls. 

Follow-up work has been carried on, and serial examinations have been 
made in a good many of these cases in an attempt to determine how the 
young adult responds to various forms of treatment. We have also 
tried to learn from the histories what seemed most responsible for the 


TABLE 1 
Average age when diagnosed 
Age in years 


LYMANHURST GROUP, 64 CASES OLDER GROUP, 178 CASES TOTAL GROUP, 242 CASES 


Girls Boys Total Girls Boys | Total Girls Boys Total 


13.36 13.6 13.45 18.24 19.06 | 18.45 | 15.8 16.33 | 15.95 


TABLE 2 
Grouped according to sex 


LYMANHURST GROUP OLDER GROUP TOTAL GROUP 


a 


Per cent of girls 
Number of boys 
Per cent of boys 
Per cent of girls 
Number of boys 
Per cent of boys 
Number of girls 
Per cent of girls 
Per cent of boys 


| Number of girls 


242 
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development of clinical tuberculosis. What danger signals were flashed 
but passed by which, if they had been recognized or heeded, might have 
saved long periods of invalidism and even death? 

Our interest was stimulated particularly by cases of advanced tubercu- 
losis that had reached the third and fourth decades of life, but gave his- 
tories of some manifestations of tuberculous disease back in the teen ages 
that were entirely overlooked. We saw one young man of thirty-three 
years who had a very extensive involvement of both lungs, as well as 
tuberculous pharyngitis, laryngitis and enteritis. It was obvious that 
treatment wduld be of little or no avail except as a palliative measure, 
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but we thought that perhaps something might be learned from the history 
of his case that would help others. On inquiry concerning the duration 
of his illness his mother stated that he had been ill for two years. When 
she was asked if he had been healthy prior to that time she said “yes,” 
but a little later she recalled that when he was a student in high school 
he came home early one afternoon suffering from excruciating pain over 
one side of his chest. He was then seventeen years old. A physician 
was called who made a diagnosis of pleurisy. He used adhesive tape in 


TABLE 3 
History of exposure and symptoms 


LYMANHURST GROUP, | OLDER GROUP, 178 TOTAL GROUP, 242 

64 CASES CASES CASES 

-| Total| Per | Num-| Total| Per | Num-} Total 
reports} cent ber |reports} cent ber |reports} cent 
64 |68.7 | 96 | 173 |55. 237 
20 | 64 /31.2| 77 | 173 [44.5 | 97 | 237 | 40.9 
Excessive energy expenditure...... 13 | 28 |46.4| 96 | 144 |66.6 | 109 | 172 | 63.4 
Moderate energy expenditure...... 5 | 28 |17.8 | 44] 144 |30.6| 49 | 172 | 28.5 
Slight energy expenditure......... 10 | 28 |35.7 4) 14);172) 8.1 
45 | 64 {70.3 | 82 | 178 |46.0 | 127 | 242 | 52.5 
19 | 64 /32.8| 18] 178 | 39 | 242 | 16.1 
COTS 21 | 64 |32.8| 53 | 178 |29.6| 74 | 242 | 30.3 
Glands (enlarged)... 14} 64 /21.9] 16] 178 | 8.99) 30} 242 | 12.4 
5| 7.8] 83 | 178 |46.6| 88 | 242 | 36.1 
Pleurisy with effusion............ 17 | 178 | 9.5 | 17} 7.0 
64/1.5] 37] 178 |20.7 | 38) 242 | 15.7 
Blood-streaked sputum........... 1} 64) 1.5 9|178| 5.0} 242] 4.1 
1| 1.56) 11} 178 | 6.18) 12] 242] 4.9 
2| 3.12) 33 | 178 |18.5 | 35 | 242-| 14.4 
64 | 4.6] 44] 178 | 47 | 242 | 19.5 


an attempt to immobilize that side of the chest, and left some tablets 
forthe pain. Three or four days later the pain was gone. The physician 
decided that fluid was present in the pleural cavity and aspirated it. 
Soon this boy seemed to be in perfect health. This, in all probability, 
was his first manifestation of tuberculous disease. It was a danger signal, 
but it was passed by, and, so far as we could determine, the second danger 
signal was flashed when this boy had become a man of about thirty-one 
years. He then had pulmonary tuberculosis which proved fatal. 

In our Lymanhurst children we have found a history of pleurisy in 
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7.8 per cent (table 3), while in the remainder of our group such history 
was obtained in 46.6 per cent, and 9.5 per cent gave histories of pleurisy 
with effusion. In the entire group of 242 cases, 36.1 per cent gave his- 
tories of pleurisy and 7 per cent had effusion (table 3). Among the cases 
that gave histories of pleurisy, it is impossible to determine with a high 
degree of accuracy as to how many really had effusion, except when fluid 
was removed from the chest by the physician. There are undoubtedly 
many cases of pleurisy with small, moderate or even Jarge amounts of 
fluid which are not detected. If a patient can develop tuberculosis 
and go on to the advanced stages of the disease without seeking examina- 
tion and treatment, it is just as likely that a patient with pleurisy with 
effusion may absorb the fluid and never have a careful examination. 

Our interest was stimulated in pulmonary haemorrhage as an early 
manifestation and a warning signal by a girl who had graduated from 
high-school in June, 1928. She was making plans to enter the university 
and was working in a physician’s office during the summer months. Two 
weeks before the university was to open in the fall of 1928 this girl had 
a profuse pulmonary haemorrhage. There was no history of exposure 
to tuberculosis that she or her family knew about; there was no loss of 
weight; there was no sense of fatigue or other symptoms of pulmonary 
tuberculosis, yet the examination revealed a very extensive involvement 
of her right lung. It was found that in November, 1927, when she was 
a senior in high school, some friends had been invited to her home one 
night, and after violent laughing her mouth had filled with bright red 
blood. She said nothing about it except to her mother. The next 
morning she returned to school with no alarm from the danger signal 
that had been flashed the night before. Her second manifestation 
came approximately ten months later, when she had a profuse pulmonary 
haemorrhage while at work. 

Of our Lymanhurst children, 1.5 per cent gave histories of having 
had frank pulmonary haemorrhage and 1.5 per cent gave histories of 
blood-streaked sputum (table 3). In our older group, however, haemor- 
rhage was more frequent. In fact, 20.7 per cent of the 178 older cases 
gave histories of haemorrhage and 5 per cent of blood-streaked sputum 
(table 3). 

From the study of these cases we have become more thoroughly 
convinced that the public should be better informed about the significance 
of pleurisy and haemorrhage. So often they are the first manifestations 
of tuberculosis, and if the patient is treated while the disease is early 
good results are frequently obtained. 
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The epidemiology of tuberculosis has not been sufficiently emphasized, 
or, at any rate, the public and the medical profession apparently have 
not appreciated its significance. If tuberculosis would strike and kill 
instantly like a thunderbolt or even like the water-moccasin, perhaps 
most of us would have a great fear of it, but so often it is years after the 
exposure that the disease begins; and so often it is years after the onset 
before the patient is really ill or dies from the disease that it is difficult 
to associate the illness or the death with the exposure. Nevertheless, 
our group, as well as those reported by other authors, proves beyond 
doubt the danger of prolonged exposure to tuberculosis, whether it be in 
childhood or in adult life. In our Lymanhurst group definite histories 
of exposure were obtained in 68.7 per cent, while in the older group 
55.5 per cent knew of definite exposure in the past (table 3). In a few 
cases the histories were negative when first taken, but the probable source 
of infection was determined later. One such case is that of a young girl 
who was in good health when she was employed by a large department- 
store. A girl who worked directly across the counter from her hada 
severe cough. She appeared anaemic and thin, and complained of 
fatigue. She said nothing to her associates about any medical examina- 
tion or about the true nature of her disease, but suddenly she stopped 
work and even her close associates knew nothing of her whereabouts. 
Some time later the young lady who was then apparently in good health 
developed similar symptoms; she was examined and was found to be 
suffering from tuberculosis. This disease had never existed in her 
family so far as she and her parents could determine. She was sent to a 
sanatorium, and when she arrived the bed adjacent to hers was occupied 
by the girl who had coughed so severely while working across the counter 
from her. 

One girl whom we first saw when in a far-advanced stage of tuberculosis 
gave the following history of exposure: Seven years before an uncle had 
come to the. home of her father and mother to live because he was in ill 
health. He stayed in the home until he died of pulmonary tuberculosis. 
No precaution was taken to protect any of the other members of the 
family from this disease. Nearly seven years later it was high-school 
graduation day in a small city and the graduating class marched into 
the auditorium, but this girl was not present. She had been attending 
school regularly and this was her first absence. It was reported to the 
school nurse who went to her home the next day and found that she was 
quite ill. She found that this little girl had been ill for some time, but 
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had held up until she had finished her high-school course, and then 
practically collapsed so as to be unable to receive her diploma. She 
was taken to a physician, and tuberculosis was detected. We first saw 
her in July, 1928, following her graduation in June. She died September 
14, 1928. On the same day in the same town another graduate of the 
same high-school died. There was no history of exposure in her family, 
but it was found that she was in the same class and closely associated 
with the girl who had been exposed seven years before and who suffered 
from extensive disease before graduation. Had the significance of 
exposure been clearly understood, and had the health authorities kept 
under close observation this girl who was exposed to her uncle, is it not 
likely that her life might have been saved as well as that of the second 
girl whom she exposed? 

One girl stated that she was exposed for several months at the age of 
four years, for five months at the age of eleven years and for eighteen 
months at the age of sixteen years. 

The duration of exposure is of considerable significance. In our group 
the time varied from a few months to seventeen years of known exposure. 
One of our most recent cases is that of a girl of seventeen years whose 
father died of extensive tuberculosis a few months ago. He had definite 
symptoms of tuberculous disease for more than thirty years. Of all his 
children this girl received the most attention. On his way home from 
work, when a small child, she would run to meet him, when he would 
fondle and kiss her. She remained his favorite through the long years of 
his illness to his death. After his death she entered the university, 
but before doing so her health was declining slightly. When she reported 
for examination we found advanced tuberculosis with cavitation involving 
her left lung. Here again a knowledge of the dangers of such exposure, 
and the practice of its prevention might have prevented her from the 
development of this extensive disease, and saved others from exposure 
with whom she associated. 

Wrong diagnoses have done a great deal of harm. We refer to cases 
of tuberculosis, particularly in adults who have been treated for months 
or years by physicians who have not taken the pains to make careful 
examinations and arrive at correct diagnoses. We are quite firmly 
convinced that one of our girls of seventeen years was exposed to a 
tuberculous mother in this manner. More than four years before the 
daughter fell ill from tuberculosis her mother was suffering from a chronic 
disease. Without X-ray examination, laboratory examination or much 


518 J. A. MYERS AND L. M. KERNKAMP 


more than ordinary inspection and palpation, the mother’s physician 
made a diagnosis of cancer of the bowel. The mother lived two years 
after this, and from the symptoms which the family gave we cannot help 
- but believe that the mother was suffering from tuberculosis, and died of 
that disease, just as was the case of Mrs. Bronte, all of whose children 
died of the disease, with one exception, after her death. If a careful 
examination had been made and the disease really detected, this girl 
might have been saved from such extensive and prolonged exposure, 
and might have been protected from such heavy work; for, in addition 
to attending high school, she took care of the home during her mother’s 
illness and for two years afterward. In fact, she was taking care of the 
home at the time she was found to have extensive tuberculosis in both 
Jungs. Another case was that of a mother who died a good many years 
ago while her children were small. Only cursory examinations were 
made; no Jaboratory test, no X-ray nor any other phase of an examination 
that would determine accurately the nature of the disease, was done. 
She had profuse haemorrhages from the lungs on several occasions 
before her death, and the cause of death recorded on the certificate was 
heart disease. Every physician knows that cardiac disease may cause 
haemorrhage, and often does, but with the other symptoms we strongly 
believe that this woman died of tuberculosis. As the years passed, 
further evidence accrued; one child after another who had been so closely 
associated with the mother developed this disease. At least one of 
these children of teen age is included in our present group. 

The following statements were made by one of our cases when we 
inquired about history of exposure: ‘When I told Dr. Blank that my 
father had died of cardiac asthma, he said: ‘How much do you bet he 
didn’t have tuberculosis?’ and very often I have thought the same. He 
coughed, had pleurisy, was short of breath, etc. So, if he did, there is 
no doubt about my exposure. My sister died when I was about one 
year and so my chance of exposure through her isn’t very sure, do 
you think so?” 

Three cases reported in our group had an uncle who suffered from 
chronic tuberculosis for years and finally died of that disease. He lived 
in the same neighborhood, and these children were intimately associated 
with him over a long period of time. It was a rather interesting coin- 
cidence that upon attaining the age of twenty years each of these children 
developed pulmonary tuberculosis. In another family with four chil- 
dren, three of whom are included in this group, one daughter died at the 
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age of sixteen years. No history of exposure to tuberculosis could be 
obtained. Later the father had a frank pulmonary haemorrhage, and 
was found to be suffering from chronic pulmonary tuberculosis. He re- 
fused to protect the other children, and at present one girl of fifteen and 
another of seventeen have pulmonary tuberculosis, and a boy of nine 
years has childhood tuberculosis. When the first child died, the source 
of infection was not known even to the family, but after it was 
it has not been possible to secure sufficient codperation to protect the 
other members of this family. In the series with manifest disease, 
reported by Opie and McPhedran (17), the known period of contact 
varied from one year and seven months to nine years. The average 
duration of contact was four years and seven months, when a parent 
was found to be the source of infection. 

A great deal is being said about excessive energy expenditure as a cause 
of tuberculosis among teen-age girls and boys. We were not able to 
determine in all cases as to what the extent of energy expenditure had 
been before tuberculosis was diagnosed, but among those who have 
reported to us on this subject there is an unusually high percentage who 
have expended energy excessively. Among the Lymanhurst group 46.4, 
17.8 and 35.7 per cent reported excessive, moderate and slight energy 
expenditures respectively (table 3). Among the older group, however, 
66.6, 30.6 and 2.7 per cent had expended energy excessively, moderately 
and slightly (table 3). It will also be noticed that among those who were 
examined at the Lymanhurst School a far smaller number reported 
moderate and excessive energy expenditure than was found among our 
other group. One girl stated that, after having been exposed to tubercu- 
losis over prolonged periods, she expended energy excessively from the 
age of about seventeen years until her disease developed. Her average 
time spent in bed in twenty-four hours was four or five hours. Her 
disease was finally brought under control but only by extrapleural 
thoracoplasty. She is now working. 

We were unable to get many reports on weight-reducing fads. This, 
perhaps, was due to the fact that in Minnesota during the last few years 
there has been a rather extensive educational campaign directed against 
weight reducing. In fact, only five of our entire group reported on this 
subject, and all five had practised this fad. However, in a considerable 
number of cases, parents or near relatives of the patients stated that 
this fad had been practised. One girl said, “I know I overworked going 
to high-school. I never had a big appetite and very often went without 
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breakfast. Then I had a small cold lunch at noon. When I taught 
school I had a very cold, drafty, ill-heated and ill-ventilated school room 
and again I overworked.” In 52.5 per cent of our total group under- 
weight was present, but it was impossible to determine with a high degree 
of accuracy in how many cases the underweight was due to their present 
existing disease. Many did not know their weight before the diagnosis 
was made. We have found that the theoretical-normal weight tables 
cannot always be relied upon and have taken into consideration body 
build, etc. The truth is, body weight may be very misleading. A 
number of times we have seen girls and boys well above the theoretical- 
normal weight who had definite and progressive pulmonary tuberculosis 
(figure 1). Therefore, the physician who decides that a teen-age girl 
or boy who applies for an examination does not need it because the weight 
is normal or above may find a few months later that he has to deal with 
a hopelessly advanced case of tuberculosis. 

Fatigue was a complaint in 32.8 per cent of the Lymanhurst group 
and in only 10.1 per cent of the older group. We depended entirely 
upon voluntary information regarding fatigue which probably accounts 
for the low percentages. Frequent colds was a fairly common complaint; 
in fact, it was given by 30.3 per cent of our 242 cases (table 3). Previous 
enlargement of lymph nodes was reported in 12.4 per cent of our entire 
group. In one case a radical operation for cervical lymph-node tubercu- 
losis was done in 1916. In 1918 pulmonary tuberculosis was found, and 
was later treated by pneumothorax and finally by extrapleural thoraco- 
plasty. Cold abscess was reported in only one case. 

In our diagnostic work, in addition to history of exposure and history 
of past disease and symptoms, we found the physical examination to be 
valuable, but by no means infallible. In a good many of our minimal 
cases and in an occasional moderately advanced case, we were unable 
to find any evidence of disease on physical examination. In the other 
cases, however, the signs were found that one often elicits over tubercu- 
losis of the lungs. Basal lesions were occasionally detected when the 
apices were clear (figure 2). In most cases we found the X-ray examina- 
tion more valuable than physical signs, although the X-ray is by no 
means infallible. One boy who was examined at the age of nineteen 
years presented no abnormal physical signs, but on X-ray examination 
there was evidence of diaphragmatic adhesions on both sides. There 
were no other abnormal findings. For some reason he did not return 
for the report of his examination, but one year later was found to be 
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suffering from advanced pulmonary tuberculosis. In a good many 
cases that were negative on physical examination, however, the X-ray 
showed definite evidence of disease. 


Fic. 1. E.Z. Girl of 16 years. Made froma roentgenograph of the chest taken December 
12, 1926. Advanced tuberculosis involving the upper lobe of the right lung and the greater 
part of the left lung. Weight at the time this picture was made was 21 pounds above the 
theoretical normal. Tubercle bacilli in sputum. Pirquet test strongly positive. Exposed 
to brother and sister who died of tuberculosis in the home. 


The tuberculin test we have found of great value in diagnosis. A 
Pirquet test was applied routinely. In some cases this was followed by 
a Mantoux test, and occasionally the subcutaneous tuberculin test was 
used. One girl who had been on treatment for tuberculosis for four 
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years following an attack of pneumonia was found to be free from physical 
signs on our first examination; X-ray films were also negative. She 
insisted that she had tuberculosis even though the Pirquet test was 


Fic. 2, M. C. Girl of 20 years. Made from a roentgenograph taken March 27, 1929. 
Pulmonary tuberculosis in the base of the right lung with cavity-formation. Profuse pul- 
monary haemorrhage. Tubercle bacilli in the sputum. Toxaemia. Pirquet test strongly 
positive. Intimate contact exposure to mother who died of tuberculosis in the home a few 
months before this picture was made. Artificial pneumothorax has brought this lesion under 
control, 


negative. We placed her in a hospital long enough to apply the subcu- 
taneous tuberculin test, using in the last dose 10 mgm. of old tuberculin, 
and found no local, constitutional or focal reaction. We felt that we 
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could say with a high degree of certainty that this girl does not have 
tuberculosis which requires treatment at this time. 

The laboratory examination has helped us tremendously, for occasion- 
ally we found tubercle bacilli persistently present when the X-ray and 
physical signs were apparently negative. Animal inoculations have 
been practised in our pleurisy-with-effusion cases as well as those with 
questionable pulmonary tuberculosis. In the diagnosis of tuberculosis 
in this age-group we feel that it is absolutely essential to accumulate 
every bit of evidence possible before passing judgment. It is so easy 
to overlook minimal adult tuberculosis and our present methods of 
examination are so crude, that we must apply everything that we know 
before beginning an analysis of evidence. 

On our first examination of the Lymanhurst group, 3.2 per cent were 


TABLE 4 
Stage when diagnosed 


LYMANHURST OLDER GROUP, |TOTAL GROUP, 242 
GROUP, 64 CASES 178 CASES CASES 


Number|Per cent|Number|Per cent|Number 


2 46.2 | 84 
11 25.2] 56 
51 ‘ 22.4| 91 
Pleurisy with effusion 5.1 9 
Extrapulmonary 2 


far advanced, 17.1 per cent moderately advanced, and 79.7 per cent were 
minimal cases of pulmonary tuberculosis (table 4). Among our older 
group 46.2 per cent were far advanced, 25.2 per cent moderately ad- 
vanced, and 22.4 per cent were minimal cases of pulmonary tuberculosis 
(table 4). Only 5.1 per cent were cases of pleurisy with effusion and 1.1 
per cent with only extrapulmonary tuberculosis. Table 4 shows the 
percentages when the two groups are combined. 

Since it has become possible to differentiate between the pulmonary 
lesions produced by first tuberculous infection (childhood type of tubercu- 
losis), and those produced by extension from first infection or reinfection 
(adult type of tuberculosis) after calcium has been deposited in the former 
lesion, we are able to study somewhat understandingly with the X-ray 
the relationship which exists between these two types of lesions. When 
pulmonary disease develops from first infection with tubercle bacilli 
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it may be in any part of the lung and is always accompanied by involve- 
ment of the hilum and tracheobronchial lymph nodes on the same side. 
Healing of the parenchymal lesion usually is by resolution or calcium 
and bone deposits (Ghon tubercle), and only occasionally by fibrosis. 
The hilum and tracheobronchial lymph nodes usually become caseous, 
and later show deposits of calcium. The adult type of tuberculosis 
usually begins in the region of the apex of one or both lungs, and is not 
accompanied by caseation and calcification of the hilum and tracheo- 
bronchial nodes on the same side. Healing usually occurs by fibrosis, 
and only occasionally is calcium seen in the parenchyma in this type of 
disease. Thus, the finding of calcium or bone deposits in the paren- 
chyma, or calcium in the hilum or tracheobronchial nodes, is good evi- 
dence of the existence of the childhood type of tuberculosis. Round 


TABLE 5 
Incidence of childhood type of tuberculosis as shown by X-ray 


LYMANHURST GROUP, 50 CASES} OLDER GROUP, 115 CASES TOTAL GROUP, 165 CASES 


type (only) 
hood type 
lung 

type (only) 
hood type 
lung 

type (only) 


lung 


fe} 

° 


Calcium undetermined 
Probable childhood 
Calcium undetermined 
Probable childhood 
Calcium undetermined 
Per cent undetermined 


,. | Adult type and child- 

wn 

ox | Adult type in opposite 
| Adult type and child- 

bh | Adult type in opposite 

oc | Adult type and child- 

© | hood type 

% | Adult type in opposite 


16 42.5 17.5 


wm 
wn 
wm 
5 
to 
RSS 


and oval shadows must not be mistaken for calcium deposits. Rotation 
of the patient will throw such shadows out of view but the calcium- 
deposit shadows will remain. 
It is not always possible to differentiate between the childhood and 
adult types of disease during the inflammatory stage unless we have been 
so fortunate as to have had a series of negative tuberculin tests up to 
within a few weeks before the lesion appeared. Usually it is not until 
calcium deposits appear that we can be reasonably sure that we are 
dealing with the childhood type of disease. Therefore, in table 5 we 
have been compelled to use “probable childhood type” as a heading for 
one column. Among our Lymanhurst group it will be seen that there 
were twenty-five such cases. There were, however, 20 cases with definite 
adult and childhood type coexisting. In five of these cases the child- 
hood type was in the lung opposite to that with the adult type of disease. 
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Among our older group seventy-eight had both childhood and adult 
types of disease and in twenty-four of them the two types were on opposite 
sides. In 24 per cent of our entire group, because of extensiveness of 
adult lesion, etc., it was impossible to determine whether or not old 
childhood lesions existed. 

Seventy-six per cent of our entire group showed evidence of the old 
childhood type of disease and 60 per cent had lesions of both types. 
Forty-two per cent showed childhood type of tuberculosis in one lung 
and adult type in the opposite lung. 

These findings throw some light on the significance of the childhood 
type of tuberculosis. In the past, when definite calcification in the hilum 
and tracheobronchial nodes and Ghon’s tubercle were seen on the X-ray 
film, we were inclined to believe that the prognosis, so far as tuberculosis 
is concerned, is good, but it is obvious that such types furnish at least 
60 per cent of the girls and boys in our group who later developed the 
adult type of lesion. In a splendid study of this subject Rathbun 
(18) says: 


In our high school and junior high school students one-half of the cases of 
pulmonary tuberculosis have signs of latent childhood tuberculosis. This type 


(childhood tuberculosis) is found in only between three and four per cent of 
the total school population of our county, which means that 50 per cent of the 
cases of pulmonary tuberculosis developing during the ’teens is confined to this 
small group. I believe that 75 per cent of the potential cases of pulmonary 
tuberculosis that will develop the disease during or just before the ’teens are 
included in a group of children comprising those with childhood tuberculosis, 
their brothers and sisters, and other known contacts without demonstrable 
signs of disease. 


Treatment should be instituted at the earliest possible moment that 
we detect progressive tuberculosis in girls and boys of teen ages. We 
have come to believe that the most drastic methods of treatment known 
are none too drastic for this age-group. In the earlier years of our work, 
many of our patients were placed on strict bed-rest and we trusted to 
nature to heal them. This has caused us many regrets. 

We believe that overconservatism is extremely dangerous in this age- 
group, for frequently the patients seem to manifest very little resistance 
to tuberculosis and the disease rapidly advances from the minimal to the 
far-advanced stage. It may seem radical at this time, but we have come 
to believe that progressive tuberculosis during the teen ages, and particu- 
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larly among girls, even though the disease is minimal, is an indication 
for artificial pneumothorax. In such cases there is usually a free pleural 
space unless pleurisy with effusion has previously existed; the risk is 
good, and the symptoms, such as marked weight loss, that accompany 
advanced disease are not yet present. We do not wait for an appendix 
to rupture before advising operation, nor do we see any reason why, in 
the treatment of pulmonary tuberculosis, we should wait for the disease 
to become advanced and the risk bad before instituting artificial 
pneumothorax. 

It is true that some cases will get well on ordinary treatment; some will 
recover with no treatment, but unfortunately we nave no way of deter- 
mining which are so fortunate, and the general mortality from tubercu- 


TABLE 6 
Outcome of cases with collapse therapy 


IN MODERATELY ADVANCED STAGE IN FAR-ADVANCED STAGE WHEN 
IN MINIMAL STAGE WHEN DIAGNOSED WHEN DIAGNOSED DIAGNOSED 


4 pneumo-} 2 working 21 pneumo- 
thorax | 2 improved ate improved | 23 pneumo-} 9 improved 
2 dead* thorax 2 disease prog. 
7 dead 
1 working 
2 improved 
1 disease prog. 


2 eg 1 working 1 thoraco- working 4 thoraco- | 


plasty | 1 improved plasty plasty 


* Thoracoplasty done in one case of pneumothorax as extreme measure. 


losis at this age-period is so high that we feel that the only safe procedure 
is to do that which proves best in the largest number of cases. We might 
argue that it is a good thing to expose a child to tuberculosis in order that 
he develop an immunity. We know that a large percentage of such ex- 
posed children will not develop the disease, but enough will develop it 
and die that we are not justified in recommending such exposure. The 
same reasoning holds true with artificial pneumothorax for the treatment 
of tuberculosis among teen-age girls and boys. Dr. H. A. Burns, 
Superintendent of the Minnesota State Sanatorium (19), has to our 
knowledge the first building that has been set aside for the treatment of 
tuberculosis among teen-age girls and boys. Of artificial pneumothorax 
in this age-group he says: 


= 
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From our limited experience, the younger the patients are, the more effective 
the collapse. At present we have eleven cases under twenty years of age and 
four of them are fourteen to twelve. . . . . It is probable that prompt 


Fic. 3. R. H. Girl of 18 years. Made from a roentgenograph taken June 28, 1923. 
Extensive pulmonary tuberculosis of left lung. Profuse pulmonary haemorrhage. Tubercle 
bacilli in the sputum. Toxaemia. Pirquet test strongly positive. Artificial pneumothorax 
attempted, but impossible because of adhesions. Exposed for several months at age of four 
years, for five months at the age of eleven years, and for eighteen months at the age of sixteen 
years to three different members of the family all of whom died of tuberculosis. 


treatment in this group of cases will be rewarded at a later date by permitting 
patients to let the lung re-expand without danger of reactivation or extension. 
I am very much interested in these cases in the younger age group and feel 
that a big advance in pneumothorax therapy lies in this direction. 


ig 
4 
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Dr. Robinson Bosworth, Superintendent of Rockford Municipal 
Sanatorium (20) says, | 


The more my experience includes the care of parenchymal pulmonary lesions 
in individuals under twenty years of age, the more I am convinced that the 


Fic. 4. R. H. Made from a roentgenograph of the same girl as seen in fig. 3. Taken 
December 4, 1928. Extrapleural thoracoplasty has been performed on the left side. At 
present (September, 1929) this girl has been working for approximately 3 years, and was 
recently married. 


wisest and best treatment is an artificial pneumothorax done at the earliest 
possible moment, irrespective of symptoms or physical findings. Pulmonary 
lesions during this age period have too great a tendency to progress to an 
unfavorable stage without accompanying symptomatology pointing to 
progression. 
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Dr. LeRoy S. Peters (21) of Albuquerque, New Mexico, says, 


The more I see of tuberculosis (pulmonary) in the teen age, the more I am con- 
vinced that collapse therapy is the proper method of handling such cases. I 
now advise it even in the early types and I feel sure the percentage of recoveries 
in the future by this method will far exceed the past. 


TABLE 7 
Mortality 


LYMANHURST GROUP, 64 CASES OLDER GROUP, 178 CASES TOTAL GROUP, 242 CASES 


Total 
Per Girls Per 


Per : Per 
Girls cent cent | OS 


Per Per 
cent cent Girls 


Boys Boys cont cont Boys 


1.5 3.1} 11 6.2| 33 | 18.5 | 12 35 | 14.4 19.5 


TABLE 8 
Stage when diagnosed and present condition 


LYMANHURST 


GROUP, 64 CASES OLDER GROUP, 178 CASES TOTAL GROUP, 242 CASES 


Moderately advanced 
Moderately advanced 


Minimal 


Far advanced 
Far advanced 


| Per cent 


Far advanced 
| Moderately advanced 
ew | Extrapulmonary 


E | Total 
w | Extrapulmonary 


Apparently arrested 
Improved, working 
Improved 
Progressing 


2 
1 
2 


dS 


w 
| Pleurisy with effusion 


| Pleurisy with effusion 


2 


Mm CO 


wW 
N OOF 


: 
3. 
6. 
7. 
1. 
4. 
3. 
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Dr. Ralph Matson (22) of Portland, Oregon says, 


Regarding the utilization of artificial pneumothorax in active pulmonary 
tuberculosis of minimal extent in a boy or girl of the teen age, I believe that 
the treatment is absolutely justifiable. 

From our experience with patients of the teen age, Iam thoroughly convinced 
than an artificial pneumothorax should be utilized early in the evolution of the 
disease. In fact, much earlier than one would utilize it in an adult. 


| 
529 
3 
| = 


530 J. A. MYERS AND L. M. KERNKAMP 


Some of our cases have had to go on to more drastic procedures. We 
are inclined to believe that this is in part due to the fact that the pneumo- 
thorax treatment was not started early enough. In four of our cases 
with minimal disease, when first diagnosed there was sufficient progres- 
sion of the disease to indicate this treatment (table 6). In twenty-one 
of our cases with moderately advanced disease and twenty-three with 
far-advanced disease we have used pneumothorax. Extrapleural thora- 
coplasty was performed in two cases that had minimal disease when first 
examined, but later showed marked extension of their disease. Among 
our moderately advanced cases, on first examination only one thoraco- 
plasty has been done and only four of our far-advanced cases have 
required this procedure (figures 3 and 4). 


TABLE 9 
Collapse therapy 


MODER- 
MINIMAL ATELY 
ADVANCED 


FAR 


ADVANCED WITH TOTAL PER CENT 


Pneumothorax 
Thoracoplasty 
w w | Total 
Pneumothorax 
Thoracoplasty 


Total 


© | Pneumothorax 


Thoracoplasty 
Phrenicectomy 
Total 

Pneumothorax 
Pneumothorax 
Phrenicectomy 
Pneumothorax 


| Thoracoplasty 


—_ 
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J 
5 
to 
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° 
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do 


w | Thoracoplasty 


A 
dS 


Ww 


*Thoracoplasty done in one case of pneumothorax as extreme measure. 


The mortality among the Lymanhurst group to date is only 1.5 per 
cent for boys and 3.1 per cent for girls, while among our older group it is 
6.2 per cent for boys and 18.5 per cent for girls (table 7). In table 8 
we have grouped the cases according to the stage of disease when we 
first examined them and their present conditions. Among the 178 cases 
of our older group, 41 are apparently arrested or arrested and working; 
21 are improved and working; 48 are improved but not working. In 14 
the disease is progressing; in three it is quiescent; forty-four are dead, 
and seven have not been traced. Among our 48 cases that have been 
treated by artificial pneumothorax, 38.6 per cent are improved and work- 


| 

| 

in, 
| is 
Wi 
di 
( 
| 
: | 
PLEU- 

RISY 


TUBERCULOSIS AT TEEN AGE 531 


ing, 38.6 per cent are improved but not working, in 4.5 per cent the disease 
is progressing, and 18.3 per cent are dead (table 9). Among our 7 cases 
with extrapleural thoracoplasty, 42.9 per cent are improved and working, 
42.9 per cent are improved but not working and in 14.2 per cent the 
disease is progressing. 
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TUBERCULOUS INFECTION AMONG ADULTS? 
H. D. LEES anp J. A. MYERS 


With the decreasing incidence of tuberculous disease has come a 
lowering of the incidence of infection. So much so, in fact, that to-day 
a considerable percentage of young adults react negatively to the cuta- 
neous tuberculin test. This fact has shattered our views of only a few 
years ago regarding the universality of tuberculous infection in adult 
life. Obviously the older the person grows the greater the possibility 
of becoming infected through contact exposure. Moreover, the adult 
who has not previously been infected, whether he be sixteen or eighty 
years old, is, specifically, just as susceptible to infection and disease 
as the infant one day or two years old. 


Krause (1) says: 


A conservative estimate of the number of infected males at the upper ages 
would be 75 per cent, or 75,000 per 100,000, and for the lower ages 40 per cent, 
or 40,000 per 100,000. If such an approximation were granted we would 
calculate the deaths in the former group as being 450 per 75,000 infected, or 
roughly 1 death for every 170 infected, while in childhood there would be 50 
deaths for every 40,000 infected, or 1 death for every 800 infections. 


Again Krause (1) says: 


All in all, it is difficult to comprehend the logic of the frequently expressed 
warning that makes a sharp distinction between children and adults in respect 
to the dangers of exposure to tuberculous infection. It certainly. is by no 
means clear that, person for person, the child is less resistant than the adult. 
As it works out in life, it is beyond dispute that the ravages of tuberculosis are 
in every way greater in later life than in childhood; and, even allowing for 
differences of environmental factors that determine illness, we would consider 


1 From the Students’ Health Service and the Department of Preventive Medicine, Uni- 
versity of Minnesota, Minneapolis, Minnesota. 


2 Prepared with the aid of a grant from the Medical Research Fund of the University of 
Minnesota. 

* Presented in part before the Practitioners Graduate Course, Ingham Sanatorium, Lans- 
ing, Michigan, February 16, 1928. 
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the proposition of a higher adult resistance as unproved. There are elements 
of resistance that would seem to be stronger in the child; there are other 
elements that appear more effective in the adult. Where the balance lies we 
do not know; nor may we assume to state. Quite likely it is an individual 
affair, and attempts to generalize promise to lead us into error. 

It would seem the better wisdom to presume not at all upon a resistance, an 
acquired immunity, that must be of undeterminable and hypothetical integrity 
in any particular case. We shall be following the larger science and come to a 
safer practical result if we adjudge children and adults alike before the hazards 
of tuberculous infection. The only rational attitude is to protect all human 
beings, of whatever age, against exposure. To allow the impression to get 
abroad that adults walk within a charmed circle of acquired immunity, that 
maturity is a privileged age, can lead only to evil, if it is accepted and acted 
upon. Besides, there is much evidence that it may be far from the truth. 


A number of years ago we became interested in tuberculous infection 
among adults and in the fall of 1928 applied the tuberculin test to the 
freshmen class entering the University of Minnesota. The total number 
reporting for the reading of the test was 2,093. We classified them into 
class A, who were from cities with a population of 50,000 or more; class B, 
from cities of 5,000 to 50,000; class C, from cities of 1,000 to 5,000; 
class D, from towns of 50 to 1,000; and class E, from places of 50 and 
farms. The total number tested and the percentage reacting positively 
from each of these classifications will be seen in table 1. We next 
classified them according to sex and residence as seen in tables 2 and 3. 
They were then classified according to age and residence, table 4, and 
finally summarized in table 5. 

In table 1 we see that residence makes very little difference with the 
incidence of infection in our group. In Rathbun’s (2) group there was 
considerable difference in the incidence of infection between those 
children living in the largest city of Chautauqua County and those 
living in the small towns. Mattill and Fenger (3) have also found that 
there is a higher incidence of infection among boys and girls living in 
the larger towns. Chadwick and Zacks (4) found in a few rural towns 
with scattered populations a fairly high percentage of reactors, but the 
majority of the small towns in Massachusetts showed a little less than 
the average percentage for the stateasa whole. Elliott (5), in discussing 
the Ontario Survey, calls attention to the fact that 47 per cent of the 
children living in towns and 27 per cent of the children of the same age 
living in the country reacted positively to tuberculin. 
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Between the sexes, tables 2 and 3 show an average difference of approxi- 
mately 6 per cent. Among the young women and the young men from 


TABLE 1 
Total tests 


TOTAL NUMBER 


NUMBER POSITIVE NUMBER NEGATIVE PER CENT POSITIVE 


883 587 35.5 


B 339 128 211 37.7 
Cc 406 128 278 31.5 | 
D 259 77 182 29.7 


206 


135 34.4 


*A—50,000 population and over. 
B—5,000 to 50,000 population. 
C—1,000 to 5,000 population. 
D—50 to 1,000 population. 

E—Under 50 and farms. 


TABLE 2 
Women, 897 cases 


16 1 3 0} 13) 24) 35.1 
17 33: | -21 S| 2 8 | 50) 170) 22.7 
18 31 | 10) 41 7 | 63) 182) 25.7 
19 | 12°|.21 26 «31464 3 7 | 39) 115) 25.3 
20 23) 48 - 44-5 1 4} 32) 61) 34.4 
21 3 6) 4 2 1 15} 19) 44.1 
22 3 5} 4] 4 2 6| 13] 23) 36.1 
23+ 11 SS 7 10; 9 6| 43) 35) 55.1 
eee rere 117 | 281) 53 | 96| 46] 130} 31 | 83 | 21 | 39 | 268] 629 
Per cent positive.| 29.4 39.0 26.1 27.1 35.0 29.8 


*A—50,000 population and over. 
B—5,000 to 50,000 population. 
C—1,000 to 5,000 population. 
D—S50 to 1,000 population. 

E—Under 50 and farms. 


class-E places there was the least difference. In table 4 it will be seen 
that only 33.14 per cent of our 2,093 cases reacted positively to tuberculin. 
It will also be seen that there is a fairly gradual increase with age. In 
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our group of twenty-three years and over there were 181 cases. In this 
age-group we obtained the highest percentage of reactors. Among 6,000 
girls and boys examined at the Lymanhurst School (6) we found approxi- 
mately 50 per cent reacting positively to tuberculin. This group ranged 
in age from infancy to twenty years, although there were only a few cases 
beyond the age of seventeen years. This incidence of infection seems 
high when compared with the incidence in our University group. How- 
ever, at the time the work was done it seemed extremely low because a 
considerable number of the children examined at Lymanhurst are brought 


TABLE 3 
Men, 1196 cases 


° 
AGE 
1/8/31 81 « 
SiS 
16 2/11| of of 1] 2] 1] of 2] 4] 15] 21.05 
17 2 5 71| 37.80 
8 5 
9 8 
4 6 
5 7 
5 4 
2 5 
179 
Per cent positive .|36.90 39.47 35.65 31.72 34.21 36.20 


*A—50,000 population and over. 
B—5,000 to 50,000 population. 
C—1,000 to 5,000 population. 
D—50 to 1,000 population. 

E—Under 50 and farms, 

there for some definite reason, such as history of exposure. In order to 

determine something of the incidence of infection we examined 2,118 

girls and boys in grade schools who were apparently well (7). We 

found that 48.76 per cent of the boys and 45.89 per cent of the girls 
reacted positively to tuberculin. Here, of course, we must not overlook 
the fact that in this latter group the Mantoux test was used whereas in 
the University group the Pirquet test was employed. It is a well-known 
fact that after the age of two or three years there is a considerable dis- 
crepancy in the results obtained by these two tests, the Mantoux being 


a good deal more accurate. 
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We are fortunate in having had studies conducted among the rural 
communities of the State of Minnesota. Slater (8), working in a rich 
farming community, found that among 1,654 girls and boys only approxi- 
mately 10 per cent reacted positively to tuberculin. Mattill and Fenger 


TABLE 4 
Men and women, 2,093 cases 


A* B Cc D 


> 


| Negative 


© | PER CENT POSI- 


Percent positive.| 35.5 37.7 31.5 29.7 34.4 33.4 


*A—50,000 population and over. 
B—5,000 to 50,000 population. 
C—1,000 to 5,000 population. 
D—50 to 1,000 population. 

E—Under 50 and farms. 


TABLE 5 
Summary 


MEN AND WOMEN, 16 TO 22 
YEARS INCLUSIVE 


° 


MEN AND WOMEN 


a Ay Z yA a a Z a 


897 | 629) 268} 29.8/1,196| 764} 432) 36.2/2,093)1,393) 700) 33.4/1,911/1,317| 594/31.08 


(3), working in the rural districts adjacent to Minneapolis, found that 
approximately 22.5 per cent of a large number of children between the 
ages of five and eighteen years reacted positively. Frost (9) examined 
482 children at Wabasha, Minnesota, and found approximately 22 per 


| 
( 
16 11] 25] 2] 2] S| 2] Of} 2 17] 39 
17 61 | 122} 8| 31] 13] 4] 32) 7] 93] 241 [27.8 
18 82 | 186 20| 65| 34] 97] 18] 6| 29] 160] 425 27.3 
19 54 | 28] 43] 20] 12] 39] 28] 125] 305 |29-96 
20 35| 66 36 21] 29) 19} 7) 17] 91) 167 [35.2 
21 21} 24 16 11] 191 7] 111 9 | 17] 711 87 [44-9 
| 22 8| 11) 10] 10/ 7] 6] 9} 7] 13] 38} 53 |41-7 
23+ 24| 17| 8 20] 18] 20] 19! 24] 13] 105] 76 |98-01 
Total_........| 296 | 587| 128 | 211] 128 | 278| 77 | 182] 71 | 135] 700|1,393 
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cent positive. Ferguson (10), in examining the Indians of the Great 
Canadian Plains, found that when the age of fifteen years was reached 
there is a slight reduction in the number of positive reactors. 

In a splendid study of tuberculous infection of pupil nurses Heimbeck 
(11) found that among 420 examined only 200 (48 per cent) reacted 
positively to tuberculin. For the most part the nurses were between 
the ages of twenty and twenty-five years. The incidence of infection 
seemed so low that he examined 79 medical students and 222 military 
recruits. Fifty-three per cent of the former and 45 per cent of the latter 
were positive. He calls attention to rather extensive studies on tubercu- 
lous infection among the children of Oslo, which showed that 85 per cent 
were infected at the age of nine years. The question that arose in his 
mind first was whether the pupil nurses, the medical students and the 
recruits may have been brought up under different surroundings than 
the children studied so that only approximately 50 per cent had become 
infected. He came to the conclusion, however, that this is not a satis- 
factory explanation, but believes that practically all of them had become 
infected but had lost their hypersensitiveness to tuberculin. He calls 
attention to the work of Dr. Bugge of the University of Oslo, who found 
no signs of living tubercle bacilli in approximately 30 per cent of the 
tissue sections in which there were traces of tuberculosis. Heimbeck 
believes that when infection is burned out the human body is virgin soil 
for new infection. 

Among our group of university students there were 90 girls and boys 
in the University High School between the ages of ten and fifteen years, 
of which 14.4 per cent reacted positively. Thus, if we consider the 
figures of Slater (8), Mattill and Fenger (3), Frost (9) and our own high- 
school group, there is no discrepancy between them and our university 
age-group. In other words, the incidence of infection is low in child- 
hood and there has been an increase which one might expect through 
more opportunities of exposure when the university age is reached. On 
the other hand, there is some discrepancy between the group of appar- 
ently normal Minneapolis grade-school children and the university 
group. There may be several explanations: In the first place these 
children are from the largest city of the state; second, the discrepancy 
may be entirely due to the difference in tests, one being epidermal and 
the other intracutaneous; third, we must not overlook the fact that 
tuberculous infection may “burn out,”’ and in this case a higher percent- 
age of grade-school children may react positively to tuberculin than will 
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be true with young adults. This is especially probable when one is 
dealing with the bovine type with low virulence for the human body. 
Generally speaking, the infant and young child take far more milk than 
the older child and young adult; consequently there is presumably more 
opportunity for the infant and child to become infected with the bovine 
type of bacillus. 

Krause (12) believes that the incidence of infection from the bovine 
type of tubercle bacillus reaches its peak in childhood and, as the child 
grows and takes less and less milk, the supply of bacilli is not kept up 
to cause reinfection and the infection dies out and completely disappears. 
Thus an incidence of bovine infection of 25 per cent of all tuberculous 
infections among children changes to an extremely low percentage of all 
adult infections. Krause (1) finds by experiment “that an animal’s 
immunity decreases as its infection wanes; just as we learned from our 
attempts to immunize cattle with living bacilli that after several years 
a highly increased resistance is wont to fall markedly and even vanish,—a 
circumstance that we have attributed to the lapsing of the several 
artificial infections of immunization.” Therefore, if a high percentage 
of the bovine type of infection dies out in early adult life we might 
expect a very marked decrease in the incidence of infection. It is not 
impossible that tubercles produced by the human type of bacillus are 
completely sterilized, so that the tuberculin test is no longer positive. 

From this period of early adult life we might expect, because of more 
opportunities for contact exposure to people suffering from tuberculosis, 
a gradually increasing incidence of tuberculous infection. This appears 
to be true in our older age-group. However, we are planning to apply 
tests to good-sized numbers of adults through the various age-periods 
to determine whether this holds true generally. After all, at present, 
it is consistent to find a low incidence of infection among young adults. 
When we consider the great efforts that have been put forth to educate 
the public concerning the value of clean milk, with the result that in 
the State of Massachusetts pasteurized milk is available for approxi- 
mately 60 per cent of the people (4), and that in some great cities of this 
country it is estimated that 95 per cent of the milk consumed is pas- 
teurized, it is obvious that the opportunities for infection from the bovine 
type of bacillus have been greatly reduced. Moreover, when one con- 
siders the great educational campaign of the National Tuberculosis 
Association resulting in the isolation of many cases, and the teaching of 
prevention to thousands of others, it is obvious that there is less oppor- 


ct © TH COO OW 


| 

fi 
f 

i 
q 

i 


TUBERCULOUS INFECTION AMONG ADULTS 539 


tunity for children and adults of all ages to become infected with the 
human type of tubercle bacillus. 

With the continued agitation for area testing of cattle and pasteuriza- 
tion of milk, although the former probably will never be as valuable as 
the latter, with better organizations and newer knowledge of the epi- 
demiology of the human type of tuberculosis, we may expect a much 
greater decrease in the incidence of infection in the next few years. 
Some have argued that the bovine bacillus has done a tremendous amount 
of good by producing specific immunity among children and thus pro- 
tecting them from virulent human strains. Perhaps they are right, 
but at the same time fatal tuberculosis among children may develop 
from the bovine type of bacillus. Therefore, we are not justified in 
advocating that any infant or child be exposed to this type of bacillus. 

Heimbeck’s (11) work on immunity to tuberculosis is very encouraging. 
His tuberculin tests were applied to nurses during the first year of 
their training. As he observed the pupil nurses from year to year, 50 
of the 420 developed clinical tuberculosis; 47 were negative to tuberculin 
when they were admitted to the training school. Of all the others who 
were negative when they entered, only nine of the 1924, 1925 and 1926 
classes remained negative to tuberculin. In other words, they became 
infected during their hospital service. From these observations Heim- 
beck believes that fresh tuberculous infection causes a greater number of 
cases of tuberculosis than develop from old infections among apparently 
healthy people. He believes therefore that a positive reaction in a 
healthy person is an expression of immunity to tuberculosis. Since one 
of the objects of his study was to learn something of the prevention of 
tuberculosis among nurses he set to work to immunize with BCG (Bacillus 
Calmette-Guérin) those reacting negatively to tuberculin, by introducing 
this subcutaneously in doses of 0.03 mgm., and to those who did not 
react locally he gave 0.05 mgm. a week later. Under this treatment all 
reacted positively to tuberculin within six weeks. The class of 1927 
gave him some very interesting results. On admission to the school 
twenty-three reacted negatively to tuberculin. The use of BCG was not 
compulsory, but twelve volunteered to have it administered. Before 
the inoculation and for a few weeks following it they were protected 
against exposure to patients on the tuberculosis wards. Until the time 
Heimbeck made his report in March, 1928, not one of those receiving 
BCG had developed disease, and four of the eleven who were negative 
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to the tuberculin and who refused inoculation had already become 
patients with clinical tuberculosis. 

While Calmette’s (13) method of producing immunity has not been 
generally adopted it is hoped that further study and observation may 
prove that it is a safe procedure among adults as well as infants. In 
the meantime we must continue to protect not only infants but people 
of all ages from exposure to tubercle bacilli, whether of the bovine, avian 
or human type. 
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THE SIGNIFICANCE OF TUBERCULOSIS AMONG THE 
AGED»: 


J. A. MYERS anp H. R. ANDERSON 


While speaking to a group of public-health nurses on the incidence of 
tuberculous disease among the aged, one of the auditors interrupted by 
saying that she had always been taught that tuberculosis does not exist 
in the human body after the age of fifty. A few weeks before she had 
arranged for a tuberculosis clinic in her county, and a man of approxi- 
mately fifty-five years who had symptoms, which seemed suspicious to 
her, was invited to the clinic. He was prepared for the examination, but 
when the clinician looked at the record he said, “We are too busy to exam- 
ine people of this age; they never have tuberculosis.” 

This is a view which is held quite generally by the public, and all too 
often by members of the medical and nursing professions. How it be- 
came extant is not easily explained; perhaps it is due to the fact that the 
tuberculosis ‘scene changes during old age to such an extent that in years 
past the disease was almost never recognized during the lifetime of the 
individual. Since the announcement of the discovery of the tubercle 
bacillus in 1882, the X-ray in 1895, and cutaneous tuberculin tests in 1907 
and 1908, the incidence of tuberculosis in the adult has been found fairly 
high. In fact, the tuberculosis mortality among the aged has been 
high for a long time. Peller (1), in studying statistics for Vienna in 
1752 and 1753, found that among those who were fifty years or over the 
tuberculosis mortality was 20.8 per cent of the total mortality. He 
found that, for fifty years and over in 1752 to 1754 in Vienna, among the 
males the tuberculosis mortality was 11.13 and among the females 
8.63 per 1,000 inhabitants. 

Krause (2) says: 


1 From the Departments of Preventive Medicine and Internal Medicine, the University of 


Minnesota, Minneapolis, Minnesota. 
2 Prepared with the aid of a grant from the Medical Research Fund of the University of 
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A conservative estimate of the number of infected males at the upper ages 
would be 75 per cent, or 75,000 per 100,000, and for the lower ages 40 per cent, 
or 40,000 per 100,000. If such an approximation were granted we would 
calculate the deaths in the former group as being 450 per 75,000 infected, or 
roughly 1 death for every 170 infected, while in childhood there would be 50 
deaths for every 40,000 infected, or 1 death for every 800 infections. 


Calmette (3) says: 


In the aged, contrary to what was believed until recently, chronic pulmonary 
tuberculosis is very frequent. It often takes that particular form which 
clinicians call essential asthma or emphysema (Hirtz). One should always 
suspect this illness, all the more since it usually goes unrecognized by reason of 
its insidious and mild symptoms. It tends to be without fever and to progress 
extremely slowly. 


Ichok (4), (5) states that tuberculosis is not uncommon among old 
people. He reports twenty such cases ranging in age from sixty-four to 
eighty-two years. Schlesinger (6) finds that the aged more often suffer 
from tuberculosis than is usually believed to be true. Taubert (7) calls 
special attention to the great frequency of unrecognized tuberculosis in 
the aged. Osler (8) says: 


It is remarkable how common tuberculosis is in the aged, particularly in 
institutions. . . . . At the Philadelphia Hospital, in the bodies of aged per- 
sons sent over from the almshouse, it was extremely common to find either 
old or recent tuberculosis. One patient died at the age of eighty-two with 
extensive peritoneal tuberculosis. Pulmonary tuberculosis in the aged is usu- 
ally latent and runs a slow course. The physical signs are often masked by 
emphysema and by the co-existing chronic bronchitis. The diagnosis may 
depend entirely upon the discovery of the bacilli and elastic tissue. Contrary 
to the opinion which was held some years age, tuberculosis is by no means 
uncommon with senile emphysema. Some of the cases of tuberculosis in the 
aged are instances of quiescent disease which may have dated from an early 
period. 


In his autopsy studies Opie (9) found that the incidence of latent apical 
lesions increased with age. Between the ages of eighteen and fifty years 
the incidence of such lesions was 8.7 per cent, but in later life it was 28.6 
percent. Such latent lesions are capable of becoming reactivated from 
time to time, and discharging tubercle bacilli. Thus it is obvious that 
pulmonary tuberculosis is a common disease in the human body beyond 
the age of fifty years. 
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Oppenheim and Coz (10) studied at the autopsy table 260 bodies 
beyond the age of sixty years. They found progressive tuberculous 
lesions in eighty-three and what appeared to be healed lesions in 110 
bodies. In 17.7 per cent of the entire group they believed that death 
was caused by tuberculosis. 

Landouzy (11), in studying the statistics of Paris for 1910, found that, 
among a group of 16,229 people who died of tuberculosis, 8.11 per cent 
were beyond the age of sixty years. Ina group of 23, 251 old people who 
died in that year 5.66 per cent of the deaths were due to tuberculosis. 
Baudot (12) prepared a thesis on this subject based on the statistical 
reports of Paris for ten years. He found that, among 149,566 people 
older than sixty years who died during that period of time, 8,276 were 
due to tuberculosis and 7,507 had the pulmonary form. 

In a discussion of the types of pulmonary tuberculosis at various ages 
of life Lydtin (13) states that in young and old people there is no differ- 
ence in the relative incidence of the proliferative type of disease, but 
with the exudative type there is a great contrast between the course of 
the disease in the young and the old. During the fourth decade of life he 
finds a very definite increase in the number of cases of proliferative 
type, but in the fifth decade the exudative type is present in an increased 
number. Taubert (7) made a study of the types of tuberculosis in people 
dying between the ages of fifty and ninety years. He found all types of 
tuberculosis that are ordinarily seen in the earlier years of life, but there 
was a predominance of chronic indurative and ulcerative types. He 
found tuberculous caries and meningitis, and also mentions that general 
miliary tuberculosis is not rare, as Braun (14) has found. In discussing 
miliary tuberculosis in old age Braun (14) calls attention to the figures 
of the Pathological Department of the Basle University. They show 
that more than 14 per cent of all the cases of miliary tuberculosis were in 
the bodies of people above the age of sixty. 

Schurmann (15), in a study of the primary complex, made observa- 
tions at the postmortem table on a thousand cases varying in age from 
birth to ninety-one years. In people beyond the age of fifty years he 
found that in nine cases there were definite exogenous reinfections and 
two with primary complexes. He reports one case of a man of seventy- 
two years in whom he found an old-age primary complex in the lung, and 
in addition a new primary complex. Fried (16) reports the case of a 
man of fifty-nine years, with tuberculosis of the lung hilum which re- 
sulted in death. He believed that the source of the infection in this 
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case was exogenous, and agreed with other authors that this is probably 
the more common means of pulmonary infection in adults. 

Chamberlain (17) reports a case of a woman of eighty-five, who had 
apparently been well all of her life, but at this age presented mild symp- 
toms. He found the whole of the left and the apex of the right lung 
involved. Her sputum was strongly positive on three occasions. He 
could obtain no history of exposure. 

The symptoms of tuberculosis among old people are very misleading; 
in fact, because of their mildness many cases of tuberculosis have been 
overlooked. Taubert (7) finds that, although anatomically the tubercu- 
lous process may be very extensive, it is clinically mild. Schlesinger (6) 
states that in this age-group the clinical symptoms are frequently entirely 
absent. Night-sweats almost never occurred when the disease was 
chronic. Ichok (4), (5) observed that in his group of cases febrile attacks 
and haemoptysis were rare. Some had complained of weakness, par- 
ticularly after exposure to cold. Dyspnoea on exertion was sometimes 
experienced. Usually there was cough of long standing, but many had no 
sputum. The general condition in most cases was quite good. Gold- 
mann and Wolff (18) found a history of haemoptysis in one case. In 
most cases the symptoms were those commonly attributed to emphysema, 
chronic bronchitis or cardiac changes. None of them had fever. Some 
had mild cachexia and were weak, but no one had the usual symptoms of 
pulmonary tuberculosis as it occurs in the earlier ages of life. 

Physical signs also are frequently slight or absent. Schlesinger (6) 
found that auscultation and percussion are usually of little avail. Even 
rales are rarely elicited. Ichok (4), (5) states that auscultation is 
difficult because the signs of emphysema overshadow those of tubercu- 
losis. Goldmann and Wolff (18) find that the physical examination is 
very unreliable. 

The X-ray is one of our most valuable phases of the examination in 
such cases, when the disease is chronic. In miliary tuberculosis even 
this may give little or no aid. Schlesinger (6) believes that X-ray is our 
best diagnostic method. In fact, many cases of tuberculosis in the aged 
will remain undiagnosed unless X-ray studies are made. 

Mioche (19), in discussing cutaneous tuberculin reactions, states that in 
adults its diagnostic value is practically zero. Where tuberculous infec- 
tion was, or even is now, practically universal this statement would re- 
main true, but with the rapidly decreasing incidence of tuberculous infec- 
tion we have reached the time, in many parts of the world, when a good 
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many adults are not infected. Hence the tuberculin test is of great 
value, particularly when it is negative. Krause (20) says: 


Tuberculin-testing is the only procedure which, unassisted, can settle a diagno- 
sis of tuberculosis. But it can do this only in a negative way... . . If 
then, a subject for diagnosis, who exhibits no interfering factors, fails to react to 
tuberculin, he is to be regarded as nontuberculous. 

Here lies one of our greatest opportunities in diagnosis to-day. Those of us who 
take life, and our profession, seriously run the danger of despondency in con- 
templating the time wasted in striving to manufacture consumptives by all the 
many more or less devious or dubious methods when days and weeks previously 
a simple skin test or two would have proclaimed that the materials necessary 
for tuberculosis, to wit, tubercles, do not exist. This point we might have set- 
tled within two or three days of first meeting with our patient, and then gone on 
to more profitable and productive “leads” as we dismissed tuberculosis from our 
mind. The only rival of such a piece of poor and expensive practice is the other 
all too common luxury of spending days on the patient’s chest—yes weeks, so 
it has happened—with the issue still uncertain, while diagnosis, bacilli, lay 
ready in the patient’s sputum all the time;—but the sputum was not examined. 


Schlesinger (6) has found the tuberculin test helpful in arriving at a 
correct diagnosis. Again we must keep in mind that allergy may com- 
pletely die out. Heimbeck’s (21) splendid study on tuberculous infec- 
tion among nurses led him to believe that those who reacted negatively 
(52 per cent) had been infected in early life, but the infection had “burned 
out.” This may occur in old age so that a tuberculin test becomes valu- 
able at this period of life. 

Examination of the sputum is also very valuable in diagnosis. Some 
cases that have been supposed to be suffering from chronic bronchitis 
with no physical signs present will be found to have tubercle bacilli in the 
sputum. The work which Goldmann and Wolff (18) did among old 
institutional patients should be recommended most highly as a routine 
procedure in every institution for the aged. They made sputum exam- 
inations for 339 aged people living in institutions, none of whom were 
suspected of having tuberculosis, and found tubercle bacilli in 2 per 
cent. Some have believed that the tubercle bacillus expectorated from 
chronic pulmonary lesions in old people is attenuated in virulence, but 
Courmont and Revol (22) have proved beyond doubt that this is not true. 
The physician in private practice who insists upon careful examination, 
including sputum examination, tuberculin test and X-ray examination of 
the older people among his clientele, will do much by arriving at a definite 
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diagnosis to prevent the spread of tubercle bacilli to the bodies of their 
associates. 

What are the dangers from tuberculosis among the aged? Often they 
are not great to the patients themselves, but it is their associates who 
must be taken into consideration. Ichok (4), (5) has called attention to 
these dangers. Taubert (7) is of the opinion that much dissemination 
of tuberculosis occurs in this way. Schlesinger (6) insists that a correct 
diagnosis is important in order that steps may be taken to prevent infec- 
tion of other persons who come in contact with the patient. Numerous 
cases have been cited in the literature of children and others becoming 
infected and diseased through exposure to grandparents, such as the case 
which Stuteville (23) reports. The diagnosis in this infant of eleven 
months was not easy, except for the history, which showed that it had 
been associated with a paternal grandmother who had tuberculosis and 
a maternal grandfather who had recently died from that disease. In 
Landouzy’s (11) work among tuberculous infants he was usually able 
without much difficulty to trace the source of infection to some member 
of the family and not infrequently to a grandparent, particularly a grand- 
mother. He cites the following case, translated by Soper and Smith 
(24): 


In a luxurious home in the Champs-Elysées and under ideal conditions there 
resided a foreign family, composed, in addition to a considerable number of 
servants, of the father and the mother, who had married at the ages of 28 and 
20 respectively, and who were both in the best of health and had excellent past 
histories. The mother had given birth successively, after normal pregnancies 
at intervals of about two years, to three fine boys whom she brought up exclu- 
sively at the breast. 

Aside from the regular feeding hours, the babies were left to the care of a 
governess, a thin delicate woman, greatly devoted to the family, four genera- 
tions of whom she had seen grow up. 

The three boys, one after another, almost at the same age, died of tuberculous 
meningitis. I was present at the third of these deaths, which the physicians, 
Jules Simon and Archambault, said was simply a repetition of what they had 
seen in the cases of the older brothers. 

I set about to discover the cause of the three cases of meningitis which seemed a 
challenge to the hygienic conditions, comfort and health which reigned in the 
home. 

The investigation led to my finding in the governess, who was more than 

60 years old and a sufferer from catarrh, chronic bronchitis, emphysema and 

asthma formerly, a type of those torpid senile tuberculoses which are suspected 
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all the less because such neuro-arthritic patients, by virtue of their being always 
active, never giving up, and looking far from ill, preserve the appearance of 
resistance at least, if not of health. 

I arranged that the governess should be sent back to America, but not without 
difficulty since she had been attached to the family for 50 years. After her 
departure nothing in the home was changed. Two children were born and 
were nursed exclusively by the mother. One is now approaching 30 years, the 
other is a superb girl of 25 years. 

If, in such favorable surroundings, adds Landouzy, senile tuberculous infec- 
tions are capable of contaminating the whole of a woman’s domain, how much 
more terrible must they be in over-crowded rooms and in the home of the 
laborer where babies, children, father, mother and grandparents, live one on 
top of another, as the popular saying goes. 


The treatment of tuberculosis in the aged is usually not the same as 
that used in earlier life. Schlesinger (6) believes that a radical change 
in the habits and mode of life is not advisable. For those suffering from 
chronic disease it is largely a matter of teaching them prevention of the 
spread of their disease. In the occasional case, in which the disease is 
unilateral, artificial pneumothorax may render the sputum negative, 
which, with practice of the ordinary precautionary measures, makes them 


safe associates. 
This report includes 37 cases of frank pulmonary tuberculosis in people 


ranging in age from fifty to eighty years, fifteen of whom were women. 
Among the women a definite history of exposure was obtained in four 
cases. Two had been exposed to brothers, another to a sister, and the 
fourth to a father. Among the children and grandchildren of these 
fifteen women tuberculosis is known to exist in five families. One hasa 
daughter with tuberculous cervical adenitis, which at one time was 
treated by surgery; another has two daughters with pulmonary tuber- 
culosis; another has lost two daughters of pulmonary tuberculosis, one 
at the age of seventeen years and the other at the age of thirty-one years; 
another has a daughter who is now on artificial-pneumothorax treatment. 
The fifth has a granddaughter who is under treatment for childhood 


tuberculosis. 


Among the men five gave histories of having had definite exposure to 
tuberculosis: one to a brother who had died of that disease; one to a 
mother who died of tuberculosis when the patient was eleven years old, 
and later to a sister and brother, both of whom died. The third was 
exposed to a father, who was sick five years in the home and died at the 
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age of forty-seven years. His first wife also died from pulmonary haemor- 
rhage after having been ill for ten or fifteen years. The fourth stated 
that a grandfather had been told many times that he could not live 
because of consumption, but that he died at the age of ninety of pneu- 
monia. His father was also told many times during his life that he would 
die of consumption, but he lived to the age of eighty and died of apoplexy. 
The fifth was exposed to a close associate at the age of fifteen years. 

Among the children and grandchildren of these men tuberculosis is 
known to have existed or to exist at present in eight cases. One is the 
case of a son who has spent a good deal of time in a sanatorium and still 
has clinical tuberculosis; another lost an adult daughter from tubercu- 
losis and now has a second daughter with moderately advanced disease 
ina sanatorium. A third lost a boy of twenty-one years of tuberculous 
meningitis. The fourth has an adult son now in a sanatorium with ad- 
vanced disease and a daughter’s son (infant) with tuberculous dacty- 
litis. The fifth lost a daughter at the age of eight years from tuberculous 
meningitis. The sixth many years ago lostachildininfancy. Although 
a definite diagnosis was not made the history is very suggestive of tuber- 
culous meningitis. The seventh has two sons of high-school age, one 
with childhood tuberculosis and the other with the adult type of disease. 
The eighth, who had lost his own mother, a brother and a sister from 
tuberculosis, has an adult daughter with a terrific hunchback deformity. 

From the standpoint of history of exposure which these 37 women and 
men experienced it is obvious that in the days of their childhood and 
young adult life the disease was not always detected. Thus a negative 
history of exposure means very little. One must also take into consider- 
ation that in this study we have not had an opportunity to delve as deeply 
into the present conditions of their children, grandchildren and other 
associates as we should like. However, just from history and the few 
we have been able to examine it is obvious that tuberculosis has caused 
destruction in a considerable number. 

The symptoms of disease in these 37 cases dated from six weeks to 
approximately forty-five years before we saw them. One woman com- 
plained only of swollen cervical lymph nodes; another of swollen lymph 
nodes and night-sweats. In 6 cases the first symptom was pleurisy. In 
one of them the first attack was in 1889 and the pulmonary tuberculosis 
was not detected until 1928. In two cases the first evidence of disease 
was an attack of pneumonia, one of which occurred in 1884. This man 
states that approximately forty-five years ago he was sent to Minnesota 
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to die, because he was suffering from advanced tuberculosis. At present 
he is beyond seventy years of age, and is suffering from clinical tubercu- 
losis (figure 1). In one case of a man of fifty-six years there was a history 
of a severe and prolonged illness at the time he was sixteen years old. 


ult tuberculosis | 


Fic. 1. J. R. Age 70 years. Made from roentgenograph taken July 30, 1928. Pul- 
monary tuberculosis, right upper lobe. Pneumonia forty-five yearsago. Tuberculosis diag- 
nosed soon after attack of pneumonia. 


One year previous to this illness he had been exposed to tuberculosis. 
From the illness at the age of sixteen he apparently recovered although 
he has felt a lack of vigor and slight fatigue throughout the forty years 
that have passed. In January, 1929, he had influenza, which left him 
with an increase in fatigue and some loss of weight. X-ray films made 
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on June 21, 1929 (figure 2) show extensive old calcified lesions in both 
lungs. For a number of years he has had an annual physical examina- 
tion, but these areas were not detected until the X-ray was made in 
June, 1929. 


throvshout 
Upper half of cac 


Fic. 2. C. C. Age 56 years. Made from roentgenograph taken August 21, 1929. 
Marked calcification throughout the upper lung fields. Definite exposure to tuberculosis 
forty-one yearsago. Extremely ill for nearly one year forty years ago. 


In 6 cases haemorrhage from the lungs was the first symptom of disease. 
One was the case of a man who is now sixty-four years old, who states 
that he had profuse pulmonary haemorrhages thirty or thirty-five years 
ago; another had the first haemorrhage ten years ago (figure 3). There 
are 5 other cases that have had haemorrhages at some time during the 
course of the disease. 
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In twenty of the 37 cases cough, frequent colds, bronchitis and catarrh 
were given as the first symptoms. One had complained of these symp- 
toms for only six weeks; another had coughed more than twenty years. 
One man stated that his first suspicious symptom was cough and his 
diagnosis was made as early as 1905. 


\ 


Fic. 3. W. D. Age 53 years. Made from roentgenograph taken August 1, 1929. 
Extensive pulmonary tuberculosis throughout the left lung and the upper lobe of the right 
lung. Frank haemorrhage ten years ago. Grandfather and father had diagnoses of con- 
sumption. One daughter died of meningitis at the age of eight years. 


The physical examination revealed practically all stages from marked 
emaciation to extremely robust individuals. Physical signs varied from 
those elicited over the most extensive pulmonary disease including signs 
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of cavitation, rales, etc., to those with absolutely no physical findings 


that we could elicit. 
In twenty-one of the 37 cases tubercle bacilli were demonstrated. 


Nineteen had bacilli in the sputum, and two in cervical lymph nodes, 
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Childhood 


Fic.4. M.H. Age65years. Made from roentgenograph taken June 29,1925. Child- 
hood tuberculosis (Ghon tubercle in left base and definite calcifications at left hilum). Pul- 
monary tuberculosis, adult type, right upper lobe. Recently sputum was rendered negative 
to tubercle bacilli by artificial pneumothorax. 


which were discharging in one case and were aspirated in the other. In 
several of the negative-sputum cases we were unable to obtain more than 
one or two specimens for examination; thus we feel that the search was 
not sufficiently complete. In other cases the lesions from all evidence 
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obtainable were well under control. Weare strongly of the opinion, how- 
ever, that more careful search for tubercle bacilli in several of our nega- 
tive-sputum cases would reveal them. 

The tuberculin test was not done in all cases, largely because in the 
earlier part of this work we were not convinced of the great value of the 
cutaneous tuberculin test even in the aged. We are now using it as a 
part of every examination and recommend it most highly. 

In older people, because of the mild symptoms and the very slight and 
even absent physical signs in many cases, we believe that an X-ray film 
should be a part of every examination. In our group of cases a number 
of times the X-ray gave us our first evidence of the disease. 

Not all of our cases could be kept under close observation and treat- 
ment. Some refused, and others lived at such distances that we have 
not been able to watch them carefully. In some cases we have employed 
strict bed-rest, a number have been sent to sanatoria, but in the majority 
this has not been necessary. Many of them, often including some with 
extensive physical and X-ray signs together with tubercle bacilli in the 
sputum, are notill. In such cases we have advised that their energies be 
conserved somewhat, and that they be protected as far as possible 
against intercurrent infections such as influenza. In a few cases, when 
the disease was marked on one side and tubercle bacilli were present in 
the sputum, we have performed artificial pneumothorax with very 
good results, and usually rendering the sputum negative (figure 4). In 
one case thoracoplasty has been done in a woman of fifty years. Her 
sputum has been negative since and her general condition is now excellent. 
It is our belief that, except in those cases in which pneumothorax or 
thoracoplasty can be done, we accomplish more by teaching the patients 
and their families how to prevent the spread of tubercle bacilli than can be 
accomplished by any other single procedure. 

The prognosis usually is good. Among our group of 37 cases thirty- 
one are living, four have died and two have not been traced recently. 
Two who died had reached approximately seventy years; two others were 
in the early fifties. 

The following cases are presented to show how the disease is so often 
spread to other members of the family: 


A woman of approximately fifty-two years had been bedridden for nearly 
three years. She understood that in all probability recovery would not be 
possible, and therefore made plans for the life-work of her three daughters. 
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The oldest desired to study nursing, and the mother worked out a plan which 
would provide for this girl’s training. Approximately three months after the 
death of the mother and a few months before the daughter was to enter train- 
ing-school, having already graduated from high-school, she fell ill. She hada 
frank haemorrhage; she had bacilli in the sputum and a cavity quickly devel- 
oped. Artificial pneumothorax was performed, and she has been a strict bed- 
patient ever since. If her present rate of improvement continues it will be at 
least six months or even a year before she will be able to begin to carry out her 

plans. 


A young woman was found to have moderately advanced tuberculosis. Tu- 
bercle bacilli were present in the sputum. She knew of no contact exposure to 
tuberculosis, but while she was on treatment her mother, who was sixty years 
old, developed some pain in one hip, and complete examination revealed old 
fibroid tuberculosis in both upper lobes. It was not long until a second daugh- 
ter developed pulmonary tuberculosis, with tubercle bacilli in the sputum. 


A nurse, on regular duty and apparently in excellent health, suddenly had a 
frank haemorrhage. Examination revealed bilateral tuberculosis. About 
one year before she had lost a sister from the same disease. The whole family 
was greatly surprised at the occurrence of tuberculosis with no previous cases 
having been reported. The father, who was sixty-seven, was advised to be 
examined and found to have advanced pulmonary tuberculosis of a chronic 
nature, with tubercle bacilli in the sputum. 


A young man reported for an examination of the chest because he had coughed 
considerably and lost a good deal of weight following a motor-cycle accident. 
He was found to have advanced bilateral pulmonary tuberculosis. There was 
no known exposure. A few months later the father of fifty-nine years was 
examined and found to have an old chronic pulmonary tuberculosis involving 
both lungs. A little later a daughter brought in an infant son for examination. 
The tuberculin test was markedly positive and the X-ray examination showed a 
tuberculous dactylitis. Thus the disease had spread through three generations. 


Much could be done to prevent the spread of tuberculosis if all physi- 
cians and health-workers would inform the public of the frequency of 
tuberculosis among people of advancing years. Such people may not be 
interested or think it important to protect their own health, yet they owe 
it to the infants, the children and the adults of their own families and 
other associates to have periodical examinations for tuberculosis. 


i 
st? 
Bes 
uP 
4 
pee 
baa 


TUBERCULOSIS AMONG THE AGED 


SUMMARY 


1. Thirty-seven cases of frank pulmonary tuberculosis in men and 
women ranging from fifty to eighty years are reported. 

2. In 9 cases there had been definite exposures to tuberculosis, usually 
to members of their families in early life. 

3. Among the children and grandchildren of these 37 men and women 
tuberculosis is known to exist in thirteen cases. It has been impossible to 
examine more than a few of the children and grandchildren. 

4, The symptoms in the aged cases dated from six weeks to approxi- 
mately forty-five years before we saw the patients. In 6 cases haemor- 
rhage was the first symptom and in 5 others it has occurred during the 
course of the disease. Pleurisy was the first symptom in six cases. 
Cough, frequent colds, bronchitis and catarrh were the first symptoms in 
20 cases. 

5. On physical examination all signs were elicited from those of the 
most advanced disease to those of a normal chest. 

6. Tubercle bacilli were demonstrated in 21 cases. We are cognizant 
of the fact that a negative finding on a few examinations in the remaining 
cases is of no significance. 

7. The cutaneous tuberculin test is of great value in chest work among 
the aged. Some have not been infected, others have “‘burned out”’ their 
infections; therefore, a negative test is of great significance. 

8. X-ray film examination should be made in every case. Without it 
many frank cases of tuberculosis and other chest disease will remain un- 
diagnosed. 

9. In treatment such a high degree of conservatism is not necessary as 
is practised among young adults. When the disease is unilateral and 
progressive artificial pneumothorax may be possible. Even extra- 
pleural thoracoplasty may be indicated in the earlier years of this age- 
period. 

10. Tuberculosis in the aged is one of the great problems from the 
standpoint of epidemiology. Its danger lies in its mildness. Many 
cases are not diagnosed until very late in life and not a few are first 
diagnosed at the postmortem table. 
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SOME DANGERS OF INSIDIOUS AND ACUTE ONSETS 
IN PULMONARY TUBERCULOSIS 


J; A. MYERS 


It has been estimated that approximately 84 per cent of the cases of 
tuberculosis that apply for treatment are already suffering from moder- 
ately or far-advanced disease. For a long time this was believed to be a 
serious reflection upon the medical profession, and to a certain extent it 
is, for some cases are misdiagnosed, and others are mistreated when 
diagnoses have been made. Under mistreatment we are compelled to 
place procrastination with regard to the more drastic measures such as 
artificial pneumothorax. 

In 1921 I saw a young man who was coughing considerably. He had 
slight expectoration. Physical examination revealed some sibilant rales 
over both sides of his chest. He was sent to a first-class X-ray laboratory 
where the interpretations were made by a medical roentgenologist, but 
no evidence of disease was found. The sputum was negative for tubercle 
bacilli. He had been gassed while in France, and unfortunately his find- 
ings were attributed to bronchitis following gas poisoning. During the 
next few years he was examined by several physicians and each time 
given a diagnosis of bronchitis. In 1928 I examined him again and found 
that he had a frank pulmonary tuberculosis involving the upper half of 
the right lung and a small area at the level of the first interspace in the 
leftlung. His sputum was teeming with tubercle bacilli. His symptoms 
had not changed markedly, and it is reasonable to believe that it was 
an obscure tuberculous lesion that was causing them in 1921. Perhaps 
if he had been examined at regular and frequent intervals, and each ex- 
amination had included laboratory tests of the sputum and X-ray films 
and cutaneous tuberculin tests, his disease would have been detected 
much earlier than it was. 

Another case is that of a woman of thirty-one years who reported for 
examination because of a slight hacking cough. All phases of the ex- 
amination were negative. (Unfortunately the cutaneous tuberculin 
test was not applied.) Stereoscopic films were interpreted as normal. 
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The patient was contemplating matrimony, and there appeared no reason, 
as far as her chest condition was concerned, why this should be post- 
poned. Approximately three weeks after marriage she had a frank pul- 
monary haemorrhage. Examination showed that she had tubercle 
bacilli in the sputum, and the X-ray revealed a definite area of disease 
extending outward from the hilum on the left side. I haye no doubt that 
this was causing her cough on first examination. Perhaps films made in 
the oblique position at the time of the first examination would have re- 
vealed the lesion. 

A young woman reported for examination, complaining of loss of 
weight, pain in the left chest, slight cough and a small amount of spu- 
tum. On physical examination no abnormal signs were elicited. The 
fluoroscopic examination revealed what appeared to be a normal chest. 
X-ray films showed no evidence of disease, but the next day tubercle 
bacilli were found in the sputum. This examination was repeated several 
times and always with the same result. She was sent to the X-ray labora- 
tory again but the films were still negative. She was advised to enter a 
hospital for a period of observation. While there she rather suddenly 
developed a high fever, and pain in the abdomen, with tenderness over 
the right lower quadrant. Her appendix had previously been removed. 
An abdominal surgeon was called in consultation, but he was unable to 
arrive at a definite diagnosis. Because of the tubercle bacilli in the 
sputum he naturally thought of abdominal tuberculosis. This attack 
after a few days disappeared as suddenly as it had appeared. Through- 
out her stay in the hospital we were unable to obtain any abnormal phys- 
ical signs in her chest. She was transferred to a rest-home, and a few 
days after arrival she had a pulmonary haemorrhage. When sufficiently 
recovered from this she was sent to another X-ray laboratory, and the 
roentgenologist was requested to X-ray her in every possible way to 
bring out the location of the tuberculous process. All the films were 
negative. At present I do not know where her tuberculous process is 
located, and if it had not been for the sputum examination and the haem- 
orrhage she would have been told long ago that she does not have tuber- 
culosis. These three cases illustrate some of the difficulties in diagnosis, 
and call our attention to the great importance of follow-up work among 
patients with any questionable symptoms or findings. 
We cannot escape the fact that some patients are mistreated after the 
disease has been detected; that is, they are not placed on standard treat- 
ment and kept under close medical and nursing supervision. In this 
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manner some patients with minimal and treatable tuberculosis go on to 
advanced and hopeless disease. Unfortunately many of them have 
tubercle bacilli in the sputum and are spreaders of tubercle bacilli. Pro- 
crastination is also a cause for advanced tuberculosis. The physician has 
in mind a procedure such as artificial pneumothorax when the disease is 
unilateral and the patient is an excellent risk, but he procrastinates on 
the ground that perhaps nature will take care of the disease until he 
awakens some day to the fact that it has spread to the opposite lung in a 
rather extensive way. 

In 1922 I saw a patient who had a tuberculous involvement limited to 
one lung. She was placed in an institution, and it is now apparent that 
I manifested overconfidence in routine sanatorium treatment. At the 
time artificial pneumothorax was considered, but procrastination was 
practised. At the end of three months this girl had a rather extensive 
involvement of both lungs, and ever since has been a sanatorium patient. 
It is not true that every patient, particularly in younger adult life, will 
respond to artificial pneumothorax, but a sufficiently high percentage 
are benefited to justify institution of this treatment in most cases when 
the disease is unilateral. We are forced to conclude that such mis- 
diagnosed as well as mistreated cases are reflections upon the medical 
profession, but in all probability such cases do not constitute any great 
percentage of those who have moderately or far-advanced disease when 
they first apply for treatment. A greater cause is the insidiousness of 
the onset of pulmonary tuberculosis. The following cases will serve to 


illustrate this point: 


A woman of twenty-four years, married, with no children, doing office work, i 
and living with a family where there were two children, was brought for ex- ; 
amination by a nurse, who was a relative of that family, because she suspected 
tuberculosis. The first examination was made on December 27, 1927. The 
patient’s mother had died of tuberculosis, but the only symptoms that she 
gave were cough for four weeks, with a white scanty expectoration, slight pain 
in the right shoulder, and a loss of about 5 Ibs. in weight. It was later learned 
that she had suffered from fatigue and other symptoms for a long time. On 
examination her temperature was found to be 101° and her pulse was 130. 
There were definite physical signs, including rales after cough over both upper 
lobes. The X-ray examination showed evidence of extensive pulmonary 
tuberculosis (figure 1). Tubercle bacilli were found in the sputum. The pa- 
tient was classified as far advanced C and sent to the Glen Lake Sanatorium, 
where she died November 22, 1928. After she was taken out of the home all 
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members of the family with whom she lived were examined. Each was defi- 
nitely hypersensitive to tuberculin, but no other evidence of disease was 
obtained. 


Fic. 1. P. F. Age 24 years. Made from a roentgenograph of the chest taken at Glen 
Lake Sanatorium January 4, 1928. Far-advanced bilateral pulmonary tuberculosis. History 
of fatigue for many months before the first examination on December 27, 1927. 


A woman of thirty-one years was examined on July 14, 1928. One of her sis- 
ters had suffered from tuberculosis, but she stated that there had been no 
exposure to the sister. She gave a history of having had fatigue for many 
months. In April, 1928, she developed a severe head cold, followed by cough 
which had persisted until the time of her examination. In three months she 
lost from 151 to 122 pounds. She complained of hoarseness, considerable 
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creenish expectoration, pain in the left chest and night-sweats. On examina- 
ion she appeared toxic, and was weak and nervous. Her temperature was 
100.4°. Moderately coarse rales, persisting after cough, were elicited over the 


Fic. 2. R. C. Age 31 years. Made from a roentgenograph taken at the Glen Lake 
Sanatorium July 27, 1928. Tuberculosis involving the greater part of the left lung, with a 
fan-shaped process extending from the hilum to the periphery on the right side. The patient 
had complained of fatigue for many months and more marked symptoms for about three 
months before the first examination on July 14, 1928. 


upper two-thirds of the left chest, both anteriorly and posteriorly. In the 
right chest no rales were heard. The X-ray examination showed evidence of 
extensive involvement of the whole left lung and a fan-shaped process extending 
from the right hilum to the periphery (figure 2). The patient was classified 
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as far advanced and sent to the Glen Lake Sanatorium, where she died Novem- 
ber 16, 1928. 


A high-school girl of seventeen years was examined on September 9, 1925. An 
aunt, who was at the time on artificial-pneumothorax treatment for tuber- 
culosis, had suspected this disease as being the cause of the girl’s symptoms. 
The girl had complained of cough with slight expectoration all summer, and 
three months before the examination she developed fever. There was some 
pain in her left chest. Her father and mother believed that she had bronchitis, 
and one month before the examination had taken her to the country, hoping 
that she would overcome it and be able to begin her senior year in high school 
in the fall. During the three months she had lost approximately twelve 
pounds. On examination she was found to have a temperature of 101°, pulse 
110, and an extensive tuberculosis involving both lungs. She was advised to 
go to a sanatorium; she consented, but when a bed was available she refused 
to accept it. In the meantime she had been taken to faith-healers, who were 
conducting a large tent revival service near by. One of them stated that at 
her age he had been given up by the medical profession because he was suffer- 
ing from tuberculosis, but that faith-healing had cured him and that he could 
do as much for her. With the extent of her disease the faith-healers accom- 
plished as much for her as could have been accomplished by anyone. It was 
quite evident on the first examination that she was doomed, but apparently 
the healers knew nothing of and cared less about the dangers of her associa- 
tion with others. They kept her ambulant, attending parties, etc., until she 
was no longer able to stand. The danger in this case, it is obvious, was to her 
associates through the whole summer and perhaps longer before she was ex- 
amined and until she died. 


A woman of thirty-two years, working in an office, reported for examination 
in the spring of 1929. Six years ago she had what she believed to be a dry 
pleurisy, but it lasted only a few days. No attention was paid to it and she 
did not consult a physician. Three years before she had lived in an apartment 
with a girl who was said to have tuberculosis. There was no other history of 
exposure. One year previous to the examination she began to cough, and her 
appetite was failing. About that time she had lost her father, and believed 
that the grief was responsible for her symptoms. However, she began to lose 
weight, and continued, until she lost 25 lbs. during the year. Two months 
before the examination she developed rather severe gastrointestinal symptoms, 
and became somewhat dyspnoeic at times. She had read something about 
the “Early Diagnosis Campaign” that was being launched by the National 
Tuberculosis Association. The symptoms that were listed convinced her 
that she should be examined. She reported on March 30, 1929. The ex- 
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amination showed a temperature of 98.6°, pulse 120, and respiratory rate 24. 
There were rales persisting after cough over the entire left chest and on the 
ight side to the level of the third dorsal spine posteriorly. The X-ray ex- 
amination revealed evidence of an advanced bilateral pulmonary tuberculosis. 


Fic. 3. S.C. Age 18 years. Made from a roentgenograph taken April 16, 1929. Miuni- 
mal pulmonary tuberculosis, left upper lobe. Fatigue for three months before first examina- 
tion. Consolidation of the entire left upper lobe within a few days after the X-ray examina- 
tion, Rapid spread of the tuberculous disease, with death in ten days. 


Her sputum was teeming with tubercle bacilli. She was sent to the Thomas 
Hospital, where she died approximately three weeks later. From the history 
it is possible that her first manifestation of tuberculosis was six years before 
her first examination, and highly probable that she was suffering from pul- 
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monary tuberculosis one year before she reported, during the greater part o‘ 
which time she was a source of exposure to others. 


One might continue to cite a great many similar cases, and each woul 
show the great dangers to the public of the insidious onset of tuberculosis 
and many would prove that when the patient first reports for medica 
examination the disease is moderately or far advanced. 

There is another group of patients who develop advanced pulmonary 
tuberculosis in a very short time. In a few days or a week their diseas« 
has extended from the minimal to the far-advanced stage. Such a case 
is that of a high-school boy who had been very active in athletics. About 
three months before his first examination he was conscious of a sense of 
fatigue. His parents had noticed that he appeared tired. The Early 
Diagnosis Campaign of the National Tuberculosis Association of 1929 
called to the attention of the family some of the symptoms of tubercu- 
losis and they consulted their family physician, who insisted upon an 
X-ray examination. From the amount of disease seen in this film it was 
thought that with proper treatment recovery was almost certain. His 
physician insisted upon strict bed-rest and the usual general methods in 
the treatment of pulmonary tuberculosis. When he went to bed this 
boy had no significant elevation of temperature, but in a few days he 
began to run a high fever. Examination showed consolidation of the 
upper half of the involved lung and the disease spread so rapidly that he 
was dead in ten days. In this case the Early Diagnosis Campaign had 
served its purpose; the family physician had made an unusually good 
diagnosis of minimal tuberculosis; the treatment following the diagnosis 
was ideal; but apparently tubercle bacilli, whether from an exogenous or 
an endogenous source, fell upon highly allergic soil, quickly resulting in 
the fulminating and fatal type of tuberculosis. If all such cases were 
diagnosed and properly credited to tuberculosis on death certificates I 
have no doubt that the mortality curves from tuberculosis in this coun- 
try would take a considerably higher place than they now occupy. 

The fulminating case may prove of great danger to others. In1922 
I saw a patient who appeared to be suffering from pneumonia. No 
history of exposure to tuberculosis in the family was obtained. There 
was a massive consolidation over the entire left chest. The time for the 
crisis arrived, but it did not occur. As the days passed tuberculosis was 
strongly suspected. However, tubercle bacilli could not be demonstrated 
in the sputum. After a few weeks they were abundantly present, and 
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in approximately three months from the date of onset the patient was 
lead. Her source of exposure I have never been able to determine, but 
‘ollowing her death four of five sisters developed tuberculosis, two of 
whom have already died. 


Fic. 4. R. H. Age 21 years. Made from a roentgenograph taken February 18, 1929. 
Minimal pulmonary tuberculosis, with considerable evidence of healing, left upper lobe. 
Long exposure to father who died at the age of 57 years in 1924. Symptoms began in 1926. 
Failed to take drastic treatment as recommended. 


The patient who refuses to codperate with health-workers may also 
contribute to the large number of moderately and far-advanced cases 
before treatment is begun, and may be a great danger to others. The 
following case serves to illustrate these points: A girl of eighteen years 
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reported to her family physician in 1926, who found pulmonary tubercu- 
losis involving the upper lobe of the left lung. She gave a history of 
having had extensive exposure to her father who had died of that disease 
in 1924. Because of this exposure and the finding of a definite lesion her 
physician insisted upon strict bed-rest. She spent one month in bed, 


Fic. 5. R. H. Same chest as seen in fig. 4. Made from roentgenograph taken August 
28,1929. Extensive tuberculous disease involving the entire left lung. No fluid found. 


but after that took rest hours only as she saw fit. In 1929 her examina- 
tion showed minimal tuberculosis involving the left upper lobe (figure 4). 
There was considerable evidence of healing, but because of the old his- 
tory of exposure and having had tubercle bacilli in the sputum she was 
strongly advised to return to her family physician and become a strict 
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bed patient. She did return to him, but instead of following his advice 
she accepted a position. In August, 1929, she called upon her physician, 
complaining of severe symptoms. ‘The physica] and X-ray examinations 
showed massive disease, involving the entire left lung. The patient is 
now desperately ill, perhaps having lost her best chances of recovery, and 
since her first examination in 1926 she has at times been a source of dan- 
ger to those with whom she associates. 

From the foregoing citation of cases of the insidious and fulminating 
types and the noncodperating patient it is obvious that there are many 
difficult problems to solve before we reduce very materially the percent- 
age of patients applying for medical aid for the first time after their 
tuberculosis has become moderately or far advanced. It is also obvious 
that such cases present a tremendous problem in the epidemiology of 
tuberculosis. There can be no doubt that the Early Diagnosis Campaign 
and the other educational work of the National Tuberculosis Association 
have borne fruit in this field, but in all probability there will continue to 
be cases, and many of them, with the very insidious type of onset causing 
almost no symptoms, entering upon long periods of latency followed by 
mild exacerbations, whose disease will remain undiagnosed for years and 
not infrequently throughout their lifetime. 

Compulsory examination, including X-ray, of all people is at present 
impossible, both physically and economically, but a great step forward 
is being taken through the efforts of the National Tuberculosis Associa- 
tion in recommending careful studies of the childhood population of this 
country. It may seem unfortunate, and in one sense of the word it is 
extremely so, but in another perhaps it is fortunate that the tuberculosis 
in a community is reflected to a considerable extent in the children of 
that community. Therefore, a study of tuberculous infection and dis- 
ease among the children, with subsequent efforts to seek out the source 
of infection in the case of each child, is in all probability our best method 
of reducing the incidence of moderately and far-advanced tuberculosis 
found among adults on first examination when the onset is insidious. 
Such a program among children perhaps will also aid in the prevention 
of the fulminating type, which so often is far advanced when first ex- 
amined, in that it will call attention to the great dangers of exposure to 
tuberculosis regardless of the age of the individual. When this has been 
accomplished the spread of tubercle bacilli will have been greatly de- 
creased, thus resulting in less opportunity for children to become exposed 
and a consequent reduction in the incidence of tuberculous infection and 
disease in our childhood population. 


PULMONARY TUBERCULOSIS IN THE AGED! 


ANDREW L. BANYAI 


Pulmonary tuberculosis appears in the old in the majority of cases 
with signs and symptoms characteristic of this age-period due to morpho- 
logical and functional changes in the body. Parallel with the gross 
anatomical alterations, which are readily recognized in the aged, histo- 
logical changes are encountered in the parenchymal and hollow organs, 
as, for instance, the waste of differentiated tissues, glandular substance, 
and elastic and special muscle fibres, the lack of replacement or of their 
replacement by nonspecific elements, especially fat and connective 
tissue, bringing about an ultimate sclerosis. There is an increased 
deposition of foreign material along the pulmonary lymphatics, causing ~ 
an increasing fibrosis. Other retrogressive changes are atrophy and 
perforation of the walls of the alveoli, with resulting emphysema, and a 
loss of elastic fibres, diminished respiratory capacity, and diminished 
aeration of the circulating blood. An inadequate blood supply of the 
lobules through the sclerotic branches of the bronchial arteries substan- 
tially increases these degenerative changes. The lymphatics of the 
lungs, with a concomitant atrophy on the part of the lymphatics through- 
out the body, become less permeable, creating a mechanical barrier 
against the spread of the infection. The structure of the lymph nodes is 
characterized by comparatively large amounts of fibrotic tissue and the 
presence of considerable foreign deposits. It has been proved that the 
narrower the lymphatics are the less are the chances for the passage of 
infectious microdrganisms through them and for the dissemination of 
the infection throughout the body. Compared with other periods of life, 
such as infancy, childhood and early adult life when the lymphatics are 
relatively wide and open, it can be said that, considering the lymphogenic 
spread of tuberculosis, the aged are more resistant to this disease than 
are human beings at the earlier ages of life. It has been observed by 
several investigators that there is, in general, less tendency toward 


1From Muirdale Sanatorium, Wauwatosa, Wisconsin. 
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inflammatory processes and exudation and a more marked tendency 
toward proliferative changes, fibrosis and calcification, than in the young. 

The frequently latent course and benign clinical picture can be 
explained by the above phenomena and by the changed reaction of the 
body. Characteristic functional changes, explainable by underlying 
anatomical alterations, contribute in several ways to the peculiar ap- 
pearance of tuberculosis. Changes in the heart action, respiration, 
digestion, metabolism, temperature regulation, vasomotor irritability 
and blood-pressure regulation should be considered in this connection. 
It can be said that there is a definite tendency toward automatism, that 
is, toward an increase in the spontaneity of vegetative functions. The 
influence of the environmental heat upon body temperature is more 
manifest than in the young, and there is a definite tendency toward 
monothermy not unlike that observed in infancy. 

Febrile reactions are not as common in the aged as in the earlier age- 
periods due to a lessened and slower absorption of toxins through the 
narrowed lymphatics, to imperfect transmission of peripheral stimuli 
toward the thermoregulating centre, and to a lessened irritability of the 
same centres. It has been frequently our observation that fever was 
absent in old patients with extensive progressive tuberculous lesions. 
Normal temperature in the aged, therefore, should not be taken as an 
indication of absence of active pulmonary tuberculosis. 

While it is evident that changes in the anatomical structures, con- 
sidered as normal and characteristic of advanced age, and the altered 
physiological equilibrium of the body are the main contributory causes 
to the pathological and clinical peculiarities of this disease, there is no 
convincing evidence that the innate resistance and immunity of the aged 
is any higher than that at other age-periods. Krause (1) states: 


If the several ages of man are characterized by definite group differences in 
resistance, it would be impossible to conceive how inherited qualities contribute 
to a result that would make adults more resistant than the young. Indeed, 
if we were to assume the possibility of an inherited resistance that changed 
with age, it would surely be more natural to suppose that with the passing 
of the years the quality transmitted by inheritance was likely to grow weaker, 
—that the adult would therefore have less of an inherited resistance than 
the child. 


Assuming an increased resistance in the aged one would expect a lower 
mortality rate from this disease in the aged than in the young. But 
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statistical observations prove just the opposite. Table 1 shows the 
average yearly death-rates from tuberculosis of the respiratory organs 
per 100,000 population in the United States Registration Area for 1926. 

The average death-rate for all ages, 76.4 per 100,000, is far exceeded 
by that of the age-groups over 50. The number of patients over 50 years 
of age admitted to Muirdale Sanatorium during the last three years 
was found to be 7.2 per cent of all admissions. This percentage is far 
below the estimated tuberculosis morbidity rate of this age-group, and 
is suggestive of the fact that a great many tuberculosis cases of this 


TABLE 1 


DEATH-RATES PER 100,000 POPULATION 


AGE-GROUPS 
Both sexes Female 


All ages 


Under 5 
5-9 
10-14 


75 and over 


age-group evade hospitalization, thus exposing their fellowmen to 
probable infection. 

Difficulties encountered in diagnosing tuberculosis in the aged are 
usually quite considerable. Anatomical peculiarities of normal struc- 
tures and complicating pathological conditions may obscure the picture. 
The transmission of resonance from distant portions of the lungs, caused 
by the rigidity of the thorax and the ossification of costal cartilages, 
greatly diminishes the value of percussion. Deformities of the spine, 
as kyphosis and scoliosis, increase the difficulties met in interpreting 
percussion sounds. Senile and collateral compensatory emphysema 


: 
76.4 79.1 73.7 
12.3 12.4 12.1 
12.1 7.7 16.6 
15-19 69.1 46.1 91.2 
20-24 117.4 96.9 137.1 
25-29 117.7 104.7 130.7 
30-34 115.2 115.7 110.4 
35-39 106.7 119.9 93.4 
40-44 108.7 133.4 82.1 
45-49 102.1 123.2 78.9 
50-54 104.7 133.0 74.0 
| 55-59 109.7 138.2 80.5 
: 60-64 114.8 141.8 84.5 
| 65-69 139.3 160.8 123.0 
70-74 136.2 150.6 121.2 
134.2 142.8 127.0 
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may prevent the detection of infiltrated areas, even of considerable size, 
by this procedure. It is not infrequent to find roentgenological evidence 
of an extensive lesion in a case without any change in the percussion 
sounds whatsoever. A roentgenograph of the lungs, therefore, should 
not be omitted when history, symptomatology or physical findings are 


suggestive of respiratory disease. 
The age-distribution in the 124 cases included in this study, of whom 


101 were male and 23 female, was found as shown in table 2. 


TABLE 2 


AGE IN YEARS 


50-54 55-59 


17 


51 38 


Out of this number 109 were discharged and 15 are under sanatorium 
care at this institution. 

The onset was insiduous in 91 patients, while a history of sudden onset 
was obtained in 33 cases. The information frequently given was that 
the patient contracted influenza, pneumonia or an acute upper-respiratory 
catarrh, and never completely recovered. So far as histories can be 
relied upon, out of the 33 cases with sudden onset 18 had frank haemor- 
rhages and 15 had pleurisy. From this it can be seen that pulmonary 
haemorrhage as an initial symptom of tuberculosis is not rare in the aged. 
The history of haemorrhage should be carefully investigated in every 
case, and bleeding from the nose, throat or varicosities of the larynx 
and trachea, so frequently met in advanced age, should be eliminated. 
Furthermore, pulmonary cancer, bronchiectasis, pulmonary abscess and 
gangrene, and pulmonary syphilis, as the source of haemorrhage, should 
be excluded. Arteriosclerosis and sclerotic kidneys increase the tendency 
toward bleeding. Besides the cases with initial haemorrhage, this 
series includes 36 patients who had had frank haemorrhages during the 
course of their disease. Altogether there were 54, or 43.5 per cent, 
haemorrhage cases in this group. Repeated haemorrhages occurred 
in 13 cases. 

By far the most common symptoms were cough and expectoration. 
Out of 124 patients only 5 were found who had no cough or expectoration 
on admission. It is interesting to note that of these 5 cases only one 


70 and 
60-64 65-69 ous 
Cases 12 6 
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had a minimal lesion; the remaining four were classified as moderately 
and far advanced. 

The absence of cough and expectoration in these cases can be explained 
by the lessened irritability of the bronchial mucous membranes and by 
the fact that aged people are inclined to swallow their sputum. In the 
majority of cases slight or moderate cough was present, with small or 
moderate amount of expectoration. Severe cough occurred in 26 out 
of the 124 cases, with copious expectoration in 22. It was found that 
the amount of sputum was less in the typical fibrotic cases than that in 
exudative cases or in cases with cavitation, though in 6 cavity cases the 
amount of sputum was slight. Marked dyspnoea was observed in 25 
patients; 67 had moderate and 9 had slight dyspnoea. Two points 
must be emphasized in this connection: first, that dyspnoea was not 
observed in early cases; second, that its intensity usually was propor- 
tionate to the extent of the lesion, except in cases in which myocarditis, 
bronchial asthma, chronic bronchitis or marked emphysema complicated 
the condition. 

Approximately 42 per cent complained of pains localized in the chest, 
usually to the sides or posteriorly. Substernal localization was found 
in three patients. They were 54, 62 and 73 years old respectively. All 
had far-advanced tuberculosis without any evidence of cardiac disease. 
The last of these three patients gained 17.7 lbs. in weight during his 
sanatorium stay and was discharged as improved. Pain was considered 
as a reflex manifestation of productive, exudative and sclerotic processes 
in the lungs, or as a result of plastic pleurisy and pleural adhesions. As 
already stated, 15 patients had pleurisy as the initial pathological 
condition. Altogether, 43, or 34.6 per cent, of our cases presented clinical 
or roentgenological evidence of pleurisy. Apical pleurisy with thickened 
pleura was not infrequent, while the number of effusion cases was 
unusually low. 

If we consider the high percentage of far-advanced cases included in 
this series, it is not surprising that loss of weight as the leading symptom 
was found in 98 cases. Twenty-six patients had minimal or no loss of 
weight. These patients appeared well nourished on admission despite 
suffering with a manifest, active, extensive pulmonary tuberculosis. 
These cases support the general observation that aged people with 
marked tuberculosis may preserve their good physical appearance and 
carry on some occupation without great discomfort for a long time. 

Night-sweats occurred in approximately 50 per cent of our cases. 
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The majority of those having night-sweats had far-advanced lesions, 
and subsequently died or left the sanatorium with a hopeless prognosis. 

The lack of fever, even in the presence of widespread active pulmonary 
involvement, was observed in a great many of our cases. This remark- 
able fact can be explained by the factors mentioned above and is in 
harmony with general experience. 

Basing our classification upon physical and roentgenological findings, 
the following types (table 3) were found in our cases: 


TABLE 3 


GRANULO- 
EXUDATIVE EXUDATIVE FIBROTIC 
TOTAL 


CLASSIFICATION 


Per 
cent 


Per 
cent 


3.2 
31.5 


34.7 


Per 


cont Cases 


Cases 


0.8 
4.0 


4.8 


1 
5 


6 


60.5 
60.5 


75 
75 


The majority were found to have a fibrotic type of lesion, though exuda- 
tive forms.were quite common. 

One case, included in the acute granuloexudative class, was considered 
as miliary tuberculosis. This patient, a man of 51 years of age, was 
admitted to the sanatorium with a history of having been ill for three 
months before admission. His physical findings in the chest were no 
impairment, no change in breath-sounds, no increased sound-conduction, 
and fine moist rales over both bases posteriorly and from the second rib 
to the base anteriorly on the left side. Cardiac failure and pulmonary 
malignant tumor were considered, in view of the vague physical findings, 
great loss of weight, undue fatigue, dyspnoea, rapid pulse and sub- 
febrile temperature. The tuberculin reaction was negative. The 
sputum was found positive on repeated examinations. The roentgeno- 
graph revealed a pulmonary lesion characteristic of miliary tuberculosis. 
This patient died after a three-weeks stay in the sanatorium. 

Miliary tuberculosis in the aged, though very rare, has been described 
by several authors. 

The frequency of the occurrence of cavity in pulmonary tuberculosis 
in the aged is a much disputed question. Some investigators claim that 
its occurrence is less, others that it is more frequent, than that in the 
young. Cavitation may develop not only as the result of pulmonary 
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tissue-destruction but also by dilatation of bronchi caused by the fibrotic 
contraction of the surrounding involved tissues. After a thorough 
clinical and roentgenological study of our cases we assembled our findings 
in table 4. 


TABLE 4 


N. T. A. CLASSIFICATION 


Moderately advanced 
Far advanced 


It can be seen from table 4 that 10, or 43.9 per cent, of the moderately 
advanced and 52, or 52.5 per cent, of the far-advanced cases had cavities. 
It is our impression that these figures are not lower than those in the 
same class of young patients. 

The detection of cavities on physical examination may offer great 
difficulties. It occurs often even with well-trained diagnosticians that 
cavities without demonstrable physical signs are found on roentgen-ray 
examination. Yet the value of roentgenological findings in diagnosis 
is sometimes underestimated. In our experience fluoroscopy and roent- 
genography prove to be indispensable. These procedures not only aid 
us to determine the exact type, localization and extent of the lesion, to 
note pleural changes, adhesions and the presence of pneumothorax, 
to observe signs of healing tendency, that is, absorption, fibrosis and 
calcification, and the displacement of thoracic organs brought about by 
cirrhosis, but they also serve as important factors in differentiating 
tuberculosis from conditions so frequently mistaken for tuberculosis, 
as intrathoracic neoplasms, Hodgkin’s disease, pneumonokoniosis, 
bronchiectasis, pulmonary abscess and aneurysm. 

The roentgenographic appearance of tuberculosis in the aged varies 
according to the type of the lesion. As indicated above, granuloexuda- 
tive, exudative, as well as fibrotic types of tuberculosis were found in 
our cases, though fibrosis was the dominating feature of the roentgeno- 
graphic appearance of the disease in the majority of cases. Senile or 
compensatory emphysema on the involved or on the contralateral side 
and displacement of the intrathoracic organs were frequently met with. 
It is always important to determine the exact location of the trachea, 


TOTAL 
CASES ov cavity 
23 6 4 10 
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investigations in these cases. 


the diagnosis. 


terminal stage. 


satisfactory specimens. 


in tuberculosis than under normal circumstances. 


tuberculosis. 


considered as signs of improvement and lessening toxicity. 


Comparing this series with the statistics of yearly admissions, we note 
that the percentage of far-advanced cases is much higher, and that of 
minimal cases, much lower, than found in the total admissions. 


TABLE 5 


so often found displaced toward the more involved side, to avoid mis- 
taking it for cavitation on physical examination. Webb, Forster and 
Gilbert (2) have called attention to the frequency of this mistake. 
Major emphasis should be placed upon the importance of laboratory 
Sometimes symptoms, as well as clinical 
findings, may be vague and inconclusive, and laboratory data clinch 
Sputum examination, tuberculin and red-cell sedimenta- 
tion test, quantitative and qualitative blood-count, vital-capacity 
determination and Wassermann and Kahn tests were routinely done 
in every one of our cases with the only exception of those admitted in a 
Out of 124 cases, 26, or 20.9 per cent, had negative 
sputum or no sputum at all. Four of these patients were admitted to 
the sanatorium in a terminal stage, and it was impossible to obtain 
The red-cell sedimentation rate is much faster 
This procedure can 
be used for differentiation of tuberculosis from emphysema, chronic 
bronchitis, allergic asthma, bronchiectasis, postinfluenzal and post- 
pneumonic fibrosis and certain extrapulmonary conditions simulating 
Besides its differential diagnostic value, this, as well as 
the qualitative and quantitative blood-count, can be utilized for the 
determination of variations in the patient’s toxicity. Decrease in the 
speed of red-cell sedimentation, decreasing leucocyte count and monocyte- 
lymphocyte ratio, and an increase in the number of lymphocytes are 
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N. T. A. CLASSIFICATION 


PER CENT OF ALL 


PULMONARY 
CASES IN 1928 


7.1 
47.0 
45.9 


The course of the disease in relation to the extent of the pulmonary 
process in the 109 discharged patients is presented in table 6. 

Due to the fact that tuberculosis patients are admitted to this sana- 
torium without selection of cases as far as their pathological condition 


| | 
Minima | 1.6 
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is concerned, and that the majority is made up of far-advanced cases, 
we feel that no generalized conclusions can be drawn with regard to the 
prognosis of tuberculosis in the aged. It can be seen from the above 
table that, in practically all patients who had more than the area of one 
lung involved at the time of admission, the prognosis was grave. The 
number of unimproved cases and the mortality rate were high. Out 
of the 87 cases whose involvement exceeded the extent of one lung, 41 
died and 24 were classified as unimproved. Only 4 had been classified 
as apparenty arrested, 3 as quiescent and 15 as improved, while 13.6 
per cent of the moderately advanced cases died or were discharged 
as unimproved. 


TABLE 6 


APPAR- 


LOBES INVOLVED ENTLY 
ARRESTED 


Right upper 

Right upper and middle. . 

Right upper, middle, and lower 

Left upper. .. 

Left upper and lower 

Right and left uppers ‘ 

Right upper and middle, and left upper. 
Right upper, middle, lower, and left 


Left upper and lower, and right upper... . 
Right and left uppers and lowers 
All lobes 


Two patients admitted with minimal tuberculosis were discharged 
as apparently arrested. 

The length of illness varied from three months to thirty years. The 
average duration of illness in 109 discharged patients was 5.6 years. 

Another important fact to be mentioned in this connection is that in 
many cases remissions of several months’ to several years’ duration 
occurred with full well-being and complete absence of symptoms. These 
remissions however were ended by reactivation of the disease by some 
intercurrent illness. It has been our impression that the progress of 
the disease in general, with the exception of acute exudative and miliary 
cases, is much slower and has more tendency toward remissions than in 
younger persons. 


“cent | | rroven | DEAD 
3) 3 
2 
4 1 1 2 
1 1 
1 2 
1 1 
2 1 2 2 9 
5 1 1 3 
21 | 1 1 6 | 10 4 
44) 1 
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Complications, such as spontaneous pneumothorax, tuberculous 
laryngitis, intestinal and genitourinary tuberculosis, diabetes and 
myocarditis, markedly increased the gravity of the prognosis in our cases. 

The principles of treatment of tuberculosis in the aged are identical 
with those applied in general for the treatment of tuberculosis. The 
institutionalization of the patient is of high importance from a preven- 
tive as well as from a therapeutic standpoint. Besides the rest and 
general hygienic-dietetic regimen, the psychical care of these patients 
must be emphasized. Their adaptation to the new environment is 
much more difficult than that in the young. Only appropriate atten- 
tion to the tendency toward melancholy and emotional disturbances, 
as possible results of their removal from the home and family, can 
prevent untoward consequences on the part of the central nervous 
system. Senility in itself should not be considered as a pathological 
condition or as a contraindication whenever the question of active 
treatment arises. Artificial pneumothorax, phrenic-nerve block or 
phrenicoexairesis should be performed whenever justified by the pul- 
monary involvement. Adequate care must be given to the treatment of 
tuberculous and nontuberculous complications. In medication the 
patient’s age and tolerance must be considered. Carefully individualized 
selection of the therapeutic methods is the only rational way to ensure 
for these patients the greatest benefit from the modern sanatorium treat- 
ment of tuberculosis. 


CONCLUSIONS 


1. Tuberculosis in the aged is not rare. 

2. Good physical appearance, apparent well-being, and absence of 
febrile temperature do not exclude tuberculosis. 

3. Pulmonary haemorrhage is not infrequent in the aged: 43.5 per 
cent of our cases had frank haemorrhage. 

4, Physical findings are often misleading because of senile changes, 
superimposed pulmonary conditions, and extrapulmonary complications. 

5. Roentgenological examination and laboratory analysis are indis- 
pensable in the differential diagnosis. 

6. Though the fibrotic type of lesion was most frequently met with, 
granuloexudative and exudative processes were quite common. 

7. Complications, such as spontaneous pneumothorax, tuberculous 
laryngitis, tuberculosis of the kidneys, myocarditis and diabetes, as 
observed in this series, greatly aggravate the course of the disease. 
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8. The course of tuberculosis in the aged is usually slower and longer, 
and the tendency toward sclerosis and calcification more marked than 
that in the young; remissions of several months to several years’ duration 
occur in many cases. 
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SPONTANEOUS INTERSTITIAL EMPHYSEMA IN 
PULMONARY TUBERCULOSIS!” 


Report of a Case Successfully Treated by Operation 


RICHARD H. MEADE anp FRANK B. STAFFORD 


The occurrence of interstitial or subcutaneous emphysema following 
trauma is not uncommon. When it becomes generalized, however, the 
picture is a striking one, and though usually of no great significance may 
contribute to a fatal termination. On the contrary, the spontaneous 
development of this condition is unusual and, except for its appearance as 
a complication of childbrith, of which more than 100 cases have been 
recorded, there are few reports of it in the literature. It has also been 
noted following rupture of a duodenal or gastric ulcer and as a complica- 
tion of acute respiratory disease. Berkeley and Coffen observed it in 11 
of 1701 cases of bronchopneumonia occurring in an army camp during the 
influenza epidemic in 1918. 

As a complication of pulmonary tuberculosis the condition is very 
rare, if one can judge from the literature. The first report found was one 
by Chifoliau in 1919. He recorded a case of emphysema involving the 
chest, neck, faceand abdomen, resulting from the rupture of a tuberculous 
pulmonary cavity into the anterior chest-wall. Incision of the chest- 
wall revealed a tract containing air, a foul gas, some pus and a few blood 
clots which communicated with a subcostal cavity having the same 
contents. There was prompt relief following this incision and drainage, 
and the patient made a goodrecovery. In 1925 Pick reported a case of a 
patient who developed subcutaneous and mediastinal emphysema follow- 
ing rupture of a peripheral cavity into the structures of the neck. No 
other case reports of this condition were found, though Roubier in a paper 
on Subcutaneous Emphysema in Acute Pulmonary Infections speaks of its 
occurrence in tuberculosis and emphasizes its grave significance. 


1From the Department of Surgery and Gynecology of the University of Virginia and from 
the Blue Ridge Sanatorium (Sanatorium, Virginia). 

2Since this article was submitted for publication a comprehensive survey of the sub- 
ject of mediastinal and subcutaneous emphysema, by Ballon and Francis, has appeared in 
the Archives of Surgery, December 1929, part II, p. 1627. 
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A patient in the Blue Ridge Sanatorium recently developed this com- 
plication and because of its rarity her case is being reported. 


Case Report 


A thirty-year-old white woman, a pupil-nurse by occupation, dated the begin- 
ning of her illness to an attack of influenza and pleurisy in 1920. Following 


Fic. 1. Roentgenograph of chest on admission. There is extensive involvement of both 
lungs with the most definite cavitation in the left upper lobe. 


this attack she began to have a productive cough, to lose weight and to run an 
afternoon fever. She was found to have pulmonary tuberculosis and was sent 
to a sanatorium in North Carolina. During her stay of eighteen months there 
she improved sufficiently to resume nursing. This she continued to do until 
1926, when she again had influenza, which was followed by pneumonia and a 
relapse of her pulmonary tuberculosis. After a stay in her own home in the 
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country she entered Blue Ridge Sanatorium on June 1, 1928. On admission 
her abnormal findings were confined to her lungs, which by physical signs and 
roentgenograph gave evidence of an advanced form of tuberculosis. Her right 
lung showed infiltration of the upper and middle lobes with consolidation and 
excavation at the apex, and the left lung an extensive fibrocaseous condition 
involving both lobes, with consolidation and excavation and much pleuritis. 
There was a definite excavation shown by the roentgenograph in the first 
interspace (fig. 1). 

There was no improvement for several months, during which time frequent 
gastrointestinal upsets were added to her former symptoms. In November she 
began to improve in every way and continued to do so until January 26, 1929. 


Fic. 2. Photograph of patient at height of emphysema. There is extension over the entire 
trunk and into both axillae as well as into the neck and face as shown. A more comprehensive 
picture was refused by the patient. 


On the evening of January 26, while reaching over to place a basin on her 
bedside table, she experienced a sudden, sharp, substernal pain and soon had 
difficulty in breathing. An examination, made immediately afterward, showed 
subcutaneous emphysema in the left supraclavicular and infraclavicular 
regions. Within a few minutes this emphysema extended up the left side of 
the neck to the face and the opposite side of the neck. Examination of the 
chest at this time gave evidence of a partial collapse of the left lung. Within 
thirty minutes after the onset of symptoms a needle, inserted into the left 
fourth interspace in the midaxillary line, withdrew 700 cc. of air from the 
pleural cavity. This gave the patient definite relief from the dyspnoea and 


pain. 
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By the following morning, twelve hours after the onset of the symptoms, 
the emphysema had spread to such an extent that the eyes were almost closed 
and there was evidence of air in the tissues as low down as the axilla on each 
side. Dyspnoea had become more marked. A flat roentgenograph of the 
chest at this time showed a small collection of air in the apical portion of the 


Fic. 3. Roentgenograph showing extent of emphysema. The air has infiltrated the 
subcutaneous and intermuscular areas. The striations of the pectoral muscles are especially 
prominent. There is no evidence here of a pneumothorax. 


left pleural cavity. A thoracentesis was done, but no air could be obtained 
except when the needle was introduced just under the left clavicle. Before 
entering the pleural cavity it was discovered that air could be aspirated from 
the soft tissues, and some 1200 cc. were thus withdrawn. From the pleural 
cavity only 200 cc. could be obtained, manometer readings verifying the loca- 
tion of the needle. This procedure gave some relief. 


3 
4 
: 
| 
a 
q 
| 
f 3 
if 
ie 


SPONTANEOUS INTERSTITIAL EMPHYSEMA 583 


By February 1, the emphysema had increased in the face and neck, and had 
extended over the trunk as low as the pelvis. Aspiration of air from the sub- 
cutaneous tissues was continued at intervals with decreasing success until 
February 8, when no more air could be obtained. On this date, under local 
anaesthesia, short incisions were made into the emphysematous tissues under 
each clavicle and a continuous stream of air was started. This outflow was 
interrupted at times by the wounds filling with serum, so that on the following 


Fic. 4. Photograph of patient after disappearance of emphysema but before wounds had 
healed. The principal wound in the left infraclavicular region is well shown. 


day these wounds were reopened and two similar ones made in the supra- 
clavicular regions. These procedures produced very definite relief from the 
dyspnoea, but, as the wounds continued to become blocked, it was decided 
to make a larger and deeper incision, in the hope of getting nearer the source of 
the escaping air. Accordingly, under local novocaine anaesthesia, the left 
infraclavicular wound was lengthened and deepened, so that the normal- 
appearing pectoralis major muscle formed its base. Air continued to escape 
from here with only occasional interruptions and the emphysema gradually 
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disappeared, as did also the dyspnoea. By February 20 the patient had 
returned to her normal appearance and from then on made steady improve- 


ment in every way (fig. 2, 3 and 4). 

Recently (July) she has developed a tuberculous abscess of her lower sternal 
region and has shown evidence of a slight spread of her pulmonary disease. 
These latter changes, coming on four months after her emphysema, throw no 
light on the pathogenesis of this condition. 


The pathogenesis of the emphysema occurring in acute respiratory 
diseases has been well described by Coffen and Berkeley. As there were 
8 deaths in their series it was possible for them to check their clinical 
findings by postmortem examinations. They concluded that there are 
two routes for the production of interstitial emphysema. The first is the 
intrapleural route, which depends upon the presence of adhesions between 
the visceral and parietal pleurae, with rupture of a superficial air-vesicle 
through this area. Coffen and Berkeley were able to demonstrate this 
route in one of their cases. The second and far more frequent route is the 
extrapleural. In their remaining cases the authors found convincing evi- 
dence that the air had reached the soft tissues of the body by way of the 
mediastinum. . Here there had been a rupture of a superficial air-sac, with 
escape of the air along the blood-vessels into the posterior mediastinum, 
thence into the superior mediastinum, and from there along the great 
vessels under the fascial planes intothe neck. During its passage from 
the lung to the soft tissues of the neck there was necessarily a compression 
of the large intrathoracic venous channels. The supply of air was main- 
tained through valvular action at the entrance of the bronchioles into 
the ruptured air-sacs, and the extent of the emphysema was dependent 
only on the supply of air and the fascial planes concerned. Generalized 
emphysema, with the air always appearing first in the neck, was the con- 
stant finding. 

Roubier in 1920 suggested a similar route for the escape of this air, but 
did not mention the manner in which the air passed into the mediastinum. 
During the past year Ballon and Francis, working at Washington Univer- 
sity on experimental mediastinal emphysema in rabbits, observed the 
spread of this air from the lung to the mediastinum in streaks along the 
blood-vessels, as previously noted by Coffen and Berkeley. 

This discussion, although relating to interstitial emphysema occurring 
in acute respiratory diseases, seems to apply equally well to the same con- 
dition complicating pulmonary tuberculosis. In the latter disease cavi- 
ties are common and correspond to the air-sacs described in the acute 
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liseases. The routes of air-escape from the cavity to the body-wall 
nust be the same. 

In our case the first physical evidence of trouble was the interstitial 
-mphysema noted in the left supraclavicular and infraclavicular regions. 
shortly afterward, however, 700 cc. of air were withdrawn from the left 
pleural cavity and there was definite decrease in the substernal pain, thus 
ndicating the presence of a pneumothorax. Roentgen-ray examination 
‘he next morning revealed only a very small amount of air in the pleural 
cavity in the left apical region. That the aspiration of the pneumothorax 
was not the cause of the interstitial emphysema is apparent, as the latter 
appeared before this procedure was carried out. However, the emphy- 
sema developed more rapidly following relief of the pneumothorax, 
though not in the region of the puncture, and this suggests some relation- 
ship between the two. Coffen and Berkeley described two cases in which 
interstitial emphysema developed following relief of a massive pleural 
effusion on the opposite side. They suggested that the relief of pressure 
on the mediastinum allowed the passage through it of air which had es- 
caped from a ruptured air-vesicle and which could not pass through the 
mediastinum when the latter was under pressure. The primary appear- 
ance of the air in the neck, and the marked dyspnoea not accounted for by 
other findings, suggest that the emphysema in this case was produced by 
the passage of air through the mediastinal route. The presence of pneu- 
mothorax forces the conclusion also that there must have been a rupture 
of a peripheral air-sac into the pleural cavity. And, as it seems evident 
from the subsequent events that there must also have been mediastinal 
emphysema, it would seem reasonable to suppose that the air escaped 
from the lung from one source but along two different routes. The first 
was into the pleural cavity, and the other internally along the blood-vessels 
of the hilum into the mediastinum. While there was increased pressure 
on the mediastinum exerted by the pneumothorax only a relatively small 
amount of air could escape into the soft tissues. When, however, the 
pneumothorax was relieved and the lung allowed to reéxpand and come 
in contact with the chest-wall, the mediastinal channel dilated and the air 
more readily passed through it. The peripheral rupture must have been 
a slight one as the pneumothorax was so quickly and completely relieved. 
Explanation of the emphysema on the ground that the air traversed the 
pleura seems less tenable, mainly because of the marked dyspnoea, which, 
in the absence of a persisting pneumothorax or of a definite spread of her 
pulmonary disease, would seem to be dependent upon some mediastinal 


disturbance. 
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The treatment in this case followed the suggestions made by Lilientha| 
in his work on Thoracic Surgery and more recently emphasized by 
Douglas and Morton. It is important to realize that the alarming cond:- 
tion of mediastinal emphysema may be successfully combated by 
simple means when the air has reached the subcutaneous tissues. I 
the case here reported the emphysema was becoming progressivel 
more extensive and the evidence of mediastinal pressure more markec 
It was not felt that incision of the tissues would cause cessation of th 
leakage of air, but that it would allow a steady gradual escape of th 
ectopic air. Natural reparative processes were thus given a chance t 
effect closure of the ruptured air-sac. 


SUMMARY 


The literature on the subject of spontaneous interstitial emphysema 
in pulmonary tuberculosis is reviewed and a case successfully treated by 
multiple incisions is reported. 
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Vaul A. Lewis 
1879-1929 


Paul A. Lewis died at Bahia, Brazil, on June 30, 1929. He was an 
associate member of the Rockefeller Institute for Medical Research, 
attached to its Department of Animal Pathology near Princeton, New 
Jersey. His death from yellow fever, contracted while studying the 
disease, came as a sudden shock to his many friends, and to his intimates 
has caused a sense of irreparable loss. Under any circumstances death 
is a tragedy to those left behind, even when they are near at hand to 
comfort and make easier the last hours. The tragedy becomes more 
poignant when it occurs in a distant land and when the inevitable must 
be faced alone and without the comforting presence of those one holds 
dearest. 

The death of Dr. Lewis from yellow fever adds another to the illustrious 
list of those who have sought to solve the mystery of this disease. Fur- 
thermore, his death again emphasizes the fact that the profession of 
medicine has never lacked those who are willing to risk all that a more 
complete knowledge of disease may be obtained. 

Dr. Lewis was born in Chicago, Illinois, on April 14, 1879. Later his 
family moved to Milwaukee. For a time he attended the University 
of Wisconsin, and then began his medical studies at the College of Phy- 
sicians and Surgeons in Milwaukee. He entered the Medical School of 
the University of Pennsylvania in the second-year class in the autumn 
of 1901. Asan undergraduate he was a member of the Phi Alpha Sigma, 
the Alpha Omega Alpha (honorary) and the D. Hayes Agnew Surgical 
Society. While still an undergraduate Dr. Lewis decided upon a labora- 
tory career rather than that of a practising physician. With this end 
in view he devoted special attention to bacteriology and pathology, 
doing advanced work under Dr. A. C. Abbott in the former subject. 
During the summer, between his junior and senior years in medicine, 
he was one of a group investigating the summer diarrhoeas of infants 
under the direction of Dr. Simon Flexner. 

After his graduation in 1904 he became resident pathologist at the 
Boston City Hospital. The following year was spent with Dr. Theobald 
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Smith, as assistant in the antitoxin laboratory of the Massachusetts 
State Department of Health. From 1906 to 1908 he held an Austin 
teaching fellowship in comparative pathology at the Harvard Medical 
School. In 1908 he became an assistant in pathology at the Rockefeller 
Institute. In the spring of 1910 he became Director of the Laboratory 
of the Henry Phipps Institute of the University of Pennsylvania, where 
he remained until 1923, at which time he resigned to return to the Rocke- 
feller Institute for Medical Research. In addition to his directorship 
at the Henry Phipps Institute, he was Professor of Experimental Pathol- 
ogy in the Medical School of the University of Pennsylvania. 

In July, 1917, he was appointed Assistant Surgeon, with rank of 
Lieutenant, in the U. S. Naval Reserve Force. He reported for active 
service in October, 1917. Passing through successive grades he was 
promoted in 1919 to the grade of Medical Inspector with the rank of 
Commander, was honorably discharged in 1921, and reénrolled in the 
Naval Reserve Force with the rank of Commander in 1923. 

He was a member of the American Association of Pathologists and 
Bacteriologists, the Association of American Physicians, the National 
Tuberculosis Association, of which he was a director, and other organiza- 
tions. He was one of the original members of the Committee on Medical 
Research of the National Tuberculosis Association, where his experience 
and sound judgment were of the greatest service. 

From the year of his graduation in 1904 until his death in 1929 he 
published seventy-eight articles. Among his contributions, either alone 
or in collaboration with others, are a number of significant papers. The 
most important are those dealing with the phenomenon of anaphylaxis, 
with Auer; experimental studies in poliomyelitis, together with Flexner; 
chemotherapy; studies on the influence of heredity on resistance to tuber- 
culosis, together with Sewell Wright; and finally his work on allergic 
irritability. 

Such is the bare outline of his scientific life. Of the personal side, the 
loyal friendships he inspired are ample testimony as to the character of 
the man himself. Long association with him served to cement and render 
more durable the affections of his friends, who saw in him a loyal friend 
and one inspired by high ideals. Not only did he seek the best in 
medicine, but also the finest things in life. 

Probably Lewis’s strongest characteristic was his critical attitude, 
which, however, was impersonal. His criticism of the work of others 
was not inspired by personal antagonism, but by the conviction that the 
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subject under discussion was open to objections. On the other hand, 
he was generous in his praise of work he considered sound. He was his 
own severest critic,—too much so, one fears, for his own good. Perhaps 
this dominant characteristic should be expressed more truly as idealism. 
High ideals are held by many, but there are relatively few who are willing 
to hold to these ideals when they clash with their material interests. 
The self-sacrifice necessary only too often proves a stumbling block. In 
the critical periods of his life, he was not found lacking in the courage to 
face what seemed for him the right thing to do. 

His rather sudden resolution to give up his work at the Phipps Institute 
was largely due to a feeling that he needed a broader experience. And 
just as he accepted the risks attending his final venture, so he accepted 
those attending the giving up of an assured position for an uncertain 
future. At the time he had made up his mind to resign from the Insti- 
tute, he had no idea of where he was going. 

Quite aside from Lewis’s scientific studies, his untiring efforts for the 
general welfare of the Phipps Institute should not be forgotten. Al- 
though from his student days on, his interest in medicine lay in the 
laboratory, he developed a keen interest in the clinical aspects, and more 


especially in the sociological problems of tuberculosis. Furthermore, 
the administrative problems took, for a time, much of his energy, and at 
a time when the fortunes of the Institute were running low he was untiring 
in his efforts to keep the feeble flame alive. 

To give the best one has; to inspire the affection of friends; to cherish 


ideals, sums up in a few words Paul Lewis’s life,—no mean achievement. 
H. R. M. L. 
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Multiple primary heterogeneous tumors, Med. & Surg. Rep., Boston City Hospital, p. 36. 
Note upon an accessory pancreas in the intestinal wall, Ibid., p. 172. 
1906 
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The pathological histology of rabbits after double nephrectomy, Ibid., xvii, 291. 
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1908 


Note on anaphylaxis to horse serum, Proc. Soc. Exper. Biol. & Med., 1908, v, 95. 

The influence of temperature on hemolysis in hypotonic solutions, Ibid., vi, 73. 

The induced susceptibility of the guinea pig to the toxic action of the blood serum of the horse, 
J. Exper. Med., x, 1. 

Further observations on anaphylaxis to horse serum, Ibid., x, 608. , 


1909 


The influence of temperature on hemolysis in hypotonic solutions, Ibid., xi, 593. 

The relation of hypersusceptibility to immunity, Arch. Int. Med., iv, 528. 

The transmission of acute poliomyelitis to monkeys. With Flexner, S., Jour. Am. Med. 
Assn., liii, 1639. 

Acute anaphylactic death in guinea pigs; its cause and possible prevention. With Auer, J., 
Ibid., liii, 458. 

The transmission of epidemic poliomyelitis to monkeys, a further note. With Flexner, S., 
Ibid., liii, 1913. 

The nature of the virus of epidemic poliomyelitis. With Flexner, S., Ibid., liii, 2095. 


1910 
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Chemotherapeutic experiments with trypan red compounds in experimental tuberculosis, 
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The relative virulence of type cultures of bacillus tuberculosis for guinea pigs, Ibid., ix, 332. 

Further observations on experimental tuberculosis of the cornea, Ibid., ix, 332. 
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THE ORIGIN OF THE FIBROUS TISSUE ARISING IN THE 
TESTIS OF THE GUINEA PIG FOLLOWING EXPERI- 
MENTAL TUBERCULOSIS! 
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I. INTRODUCTION 


The development of the connective, or fibrous tissues, both in the 
embryo and in the adult, have long been regarded as of great interest 
and importance. As is well known this group of tissues is characterized 
by the presence of a relatively large amount of intercellular material, 
the ground substance, or matrix, which, although typically fibrous in 
character, is variously modified in the different types of connective tissues 
in the animal body. 

The problems associated with the development of fibrous tissue, 
whether in the embryo or the adult, have largely centered around the 
question of the origin of the ground substance in an endeavor to deter- 
mine whether this material arises by a modification of the peripheral 
cytoplasm of certain cells, the so called fibroblasts, and is therefore 
definitely intracellular in its origin; or whether it develops from a non- 
living material secreted by cells, and consequently is intercellular in its 
origin. Both viewpoints still have their adherents, but it seems fair to 

1From the Osborn Zoological Laboratory, Yale University, New Haven, Connecticut. 


2 Present address: Department of Anatomy, Vanderbilt University Medical School, 
Nashville, Tennessee. 
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say that within the last few years the intercellular theory has gradually 
gained ground owing to the results of a number of workers in this field. 

Furthermore, there is considerable evidence that both in the original 
development of the fibrous tissues in the embryo and their later forma- 
tion in the adult animal body as the result of pathological conditions, 
such as wound-healing, infection, etc., coagulative processes apparently 
of the same nature as those which occur in the clotting of blood-plasma, 
constitute a fundamental feature in the development of the fibrillar 
condition arising in the ground substance. 

In the present study the problem has been to determine the origin of 
the fibrous tissue which is such a prominent and characteristic histo- 
logical feature of tissues infected with tuberculosis, and which is generally 
believed to play a very important réle in various phases of the disease, 
particularly in connection with its control in the animal organism. This 
view is well stated in the following quotation from the recent treatise 
on tuberculosis by Baldwin, Petroff and Gardner (12). They say 


(p. 104), 


The importance of fibrosis in the healing or partial healing of a tubercle cannot 
be overestimated. As the connective tissue cells lay down more and more 
collagen in their peripheries, the intercellular tissue spaces are encroached upon 
and finally closed, thereby obliterating the only channels of communication 
between the interior of the lesion and the surrounding tissues. Tubercle 
bacilli and their soluble products can no longer readily escape from the focus 
of infection; extension of the infection can no longer take place and absorption 
of tuberculin-like bodies can no longer poison the body. 


The results herewith presented,’ which are based upon an extensive 
series of experiments with experimental tuberculosis in guinea pigs, 
give conclusive evidence, it is believed, that the fibrous tissue which arises 
in the tissue of this animal following experimental tuberculosis develops 
from an intercellular material entirely independently of any direct con- 
nection with cells. In addition, the evidence at hand shows that the 
intercellular material, which gives rise to the fibrous tissue, has itsorigin 
in an exudate poured out in abundance following the infection. The 
fibrous tissue is formed from the exudate by a process of coagulation 


* Preliminary reports of these investigations have been presented at the Washington meet- 
ing of the National Tuberculosis Association, October 1926 and at the Spring Meeting of the 
National Academy of Sciences, Washington, May 1927. Abstracts have been published 
in the proceedings of these two organizations (9, 10). 
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and a later transformation of the minute structural elements which are 
present in it; the process being apparently identical with that which has 
previously (3) (4) (5) been shown to occur in frog plasma under cer- 
tain conditions. 

The present study of the development of fibrous tissue in tissues 
experimentally infected with tuberculosis was undertaken at the request 
of the Medical Research Committee of the National Tuberculosis Associ- 
ation, and the work has been aided by liberal grants from that organiza- 
tion (45). Grateful acknowledgment is made for the assistance which 
has been given during the course of the investigation. 


Il. MATERIALS AND METHODS 
A. Selection of Experimental Animals 


In the present studies on the development of fibrous tissue in tubercu- 
lous infections, the guinea pig has been used as the experimental animal. 
The great amount of work that has been done with this animal, particu- 
larly in research on tuberculosis, because of its general adaptability to 
laboratory requirements, stamp it as probably the most suitable mammal 
for experimental work of this character. 

The selection of the testicular tissues as the specific field for this 
study was made following an extensive examination of various other 
experimentally infected organs and tissues. The preliminary investiga- 
tions showed that the testis afforded an ideal field for this particular 
problem. The great superiority of the testicular tissues is due to a 
number of factors. In the first place the exposed position of the testes 
permits the injection of the tubercle bacilli directly into any desired 
region with very little difficulty. Also their comparatively isolated posi- 
tion from the rest of the animal inhibits, to a certain extent, the spread 
of the infection throughout the body and thus permits the gradual devel- 
opment of the disease in situ, so that a complete series of stages can be 
secured. Due to their paired condition it is possible to infect only one 
testis of an animal, and this gives the opportunity for a direct comparison, 
both gross and microscopic—at least in the early stages of the infection— 
between infected testicular tissues and normal testicular tissues of the 
same animal. Finally, the normal structure of the testis is so character- 
istic that the histological changes which take place following a tubercu- 
lous infection can be readily and clearly interpreted. This is chiefly 
due to the fact that most of the cells present in the testis are contained 
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within the walls of the seminiferous tubules, and are of such a nature and 
so situated that they can be easily identified. In this connection it 
should be noted that the infection in the testis does not develop within 
the seminiferous tubules, but in spaces between the tubules, which may 
be designated as the intertubular areas. Except for occasional areas of 
interstitial tissue, these spaces are practically cell-free. In the normal 
testis the intertubular areas are small, but, as the infection progresses, 
they become greatly enlarged because of the abundant outpouring of an 
exudate and the shrinkage of the seminiferous tubules. Thus, as the 
intertubular areas become enlarged, following the infection, every oppor- 
tunity is afforded to observe the histological changes which take place 
in these regions. 

The suggestion that the testicular tissues of the guinea pig might prove 
suitable for the present investigations was due originally to the work of 
Long (27) who used them for his studies on tuberculin. He found that 
the extent of the degenerative processes in the testes, following an injec- 
tion of tuberculin, could be used as a direct indicator of the strength of 
the tuberculin solution. Long and Miller (28) also studied the response 
of the testicular tissues to the living tubercle bacilli and observed that, 


together with the other striking degenerative changes such as had been 
noted in connection with tuberculin, an abundant formation of fibrous 
tissue took place in the infected testes as the tuberculous infection 
progressed. 


B. Plan of Experiments and Methods of Inoculation. 


Following the methods outlined by Long, male guinea pigs of approxi- 
mately equal weight were segregated in pairs. One animal from each 
pair was designated as the reinfected animal, and the other animal of each 
pair was designated as the control animal. 

The reinfected animal of each pair received two inoculations of tubercle 
bacilli. The first or sensitizing inoculation, a saline suspension of tuber- 
cle bacilli of low virulence (R1 Saranac Laboratory), was given either as 
an intraperitoneal injection or as a subcutaneous injection in the region 

‘In a few cases three animals were segregated, two of which were treated as reinfected 
animals and one as the control animal. 

’ Dr. Marion B. Sherwood, who for two years was associated with these investigations 
as a technical assistant, had general charge of the handling and culturing of the tubercle 


bacilli as well as the inoculating, observing, autopsying of the experimental animals. It is 
a great pleasure to acknowledge our great indebtedness for the splendid assistance rendered. 
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of the left axilla. In the intraperitoneal inoculation approximately 5 
million bacilli were given, and in the subcutaneous inoculation approxi- 
mately 23 million. The second inoculation was a direct injection into 
the tissues of one testis only, of a saline suspension containing approxi- 
mately 5 million tubercle bacilli from a highly virulent strain. 

The control animal of each pair received only the direct testicular 
inoculation. The latter was exactly the same as received by the rein- 
fected animal, and was given at the same time. 

Following the inoculations, careful daily observations were made upon 
all the experimental animals. The infected animals were killed in pairs 
(reinfected animal and control animal) by chloroforming at various 
periods after the testicular inoculation, and careful and complete autop- 
sies were made. Particular attention was paid to the condition of the 
infected and uninfected testis of each animal as shown at the gross 
autopsy, and drawings were made of a number of important specimens 
before preservation (cf. figures 1-4). Specimens from all the chief organs 
and tissues of the animals were preserved for later microscopic studies. 
In the present communication the results given are based solely upon a 
study of the testis and associated tissues. The material was secured 
from three series of experiments, which have been designated as series 
D1, D2, and D3. 

Series D1 comprised a total of 20 animals. Each of the reinfected 
animals of this series received a sensitizing dose of approximately 23 
million tubercle bacilli (R1 Saranac Laboratory) in the left axilla on 
May 14, 1925. Three weeks later the reinfected animals together with 
the paired control animals received a direct intratesticular inoculation 
of 5 million tubercle bacilli from the virulent Saranac Laboratory strain 
(H37). The animals in this series were killed in pairs by chloroforming 
at various periods, ranging from 6 to 49 days. 

The D2 series comprised 21 animals. Each of the reinfected animals 
of this series received a sensitizing dose of 5 million tubercle bacilli from 
the R1 Saranac Laboratory strain intraperitoneally on May 15, 1925. 
Four weeks later the reinfected animals together with the paired control 
animals received a direct intratesticular inoculation in the right testis 
in which 5 million tubercle bacilli from a freshly isolated virulent human 
strain® were used. The animals of this series were killed in pairs by 
chloroforming at various intervals, ranging from 6 to 105 days. 


6 This strain of tubercle bacilli was obtained from the Allingtown (Connecticut) Hospital. 
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i} The D3 series comprised 8 animals. Each of the reinfected animals 
of this series received on May 24, 1926, a sensitizing dose of approxi- 
mately 5 million tubercle bacilli from the Ri Saranac Laboratory strain 
given intraperitoneally. Three weekslaterthereinfected animals together 
with the paired control animals were given a direct intratesticular 
inoculation in the left testis of approximately 5 million tubercle bacilli 
secured from a freshly isolated, virulent human strain.’ The animals 
of this series were killed in pairs by chloroforming at various intervals, 
ranging from two to eight days. 


C. Histological Methods 


As soon as possible after killing the animals, the testes were placed 

in the preserving fluid for fixing and hardening. The testes of the guinea 
pig are too large to be satisfactorily preserved entire, and they were 
therefore carefully sectioned into a number of pieces. The planes of 
section of the infected testis in each case were determined by the area 
of infection as revealed by the gross autopsy, and the uninfected testis 
was, in general, sectioned to correspond. 

The following preserving fluids were used: (1) Zenker’s with 5 per cent 
glacial acetic acid, (2) saturated solution of mercuric chloride with 5 
per cent glacial acetic acid, and (3) Allen’s B15 mixture (2). Specimens 
of tissue from each testis were usually placed in each kind of preserving 
fluid. Of these Allen’s B15 fixing fluid has proved to be the most satis- 
factory. Following the fixation the usual routine histological methods 
were followed for embedding in paraffine, sectioning and mounting. The 
usual thickness of section was 10 micra, but in special cases for certain 
stains sections of 7 and 8 micra thickness have been used. 

The following stains have been used: (1) Delafield’s haematoxylin 
with eosin or orange-G for counterstain, (2) iron-haematoxylin, (3) 
Mallory’s connective-tissue stain, using the formula as given in Mallory 
and Wright’s Pathological Technique (ed. 8, 1924), (4) Bielschowsky’s 
silver-impregnation stain, and (5) Ziehl-Neelsen’s stain for tubercle 
bacilli. Throughout the work, sectioned material from each testis was 
stained by several of these methods in order to get as clear a picture as 
possible of the changes that had taken place in the testicular tissues. 


7 This strain was obtained from the Shelton (Connecticut) Hospital. 
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III, STUDY OF THE MATERIAL 


A. Macroscopic Observations 


The daily observations on the infected animals following the testicular 
infection did not reveal any noteworthy differences between the control 
and the reinfected animals. Further, it may be noted that the observa- 
tions made at autopsy on the infected testes from the two types of animals 
revealed no definite characteristic feature which would serve decisively 
to differentiate between the infected testis of a control animal and the 
infected testis of a reinfected animal. 

Even though the macroscopic observations have not revealed charac- 
teristic differences it was frequently observed that the infected testis 
from a control animal showed an increase in size following the infection, 
which, in exceptional cases, amounted to as much as two or three times 
normal size. On the other hand, the infected testis from a reinfected 
animal usually showed a decrease in size, which, in exceptional cases, 
amounted to about one-half the normal size. Exceptionally the size 
of the infected testes from the two types of animals may remain approxi- 
mately normal during the entire course of the infection or the usual size 
relation may be reversed. 

As has been noted in a previous section, the spread of the disease from 
the infected testis to the uninfected testis is comparatively slow. With 
the possible exception of two doubtful cases at 17 and 20 days, the records 
of the 49 animals used in these experiments, including both the control 
and the reinfected animals, give no evidence of the infection in one testis 
spreading to the uninfected testis until 34 days after the direct testicular 
inoculation, and no particular difference with respect to this point has 
been observed between the control and the reinfected animals. 

Comparing the condition of the uninfected testes of the reinfected 
and control animals in still later stages of the infection, that is, after the 
34-days period mentioned above, it is noted that there is a marked 
tendency of the uninfected testis from the control animal to become 
infected, while the uninfected testis of the reinfected animal usually 
remains free from the disease. In other words, the data, as indicated 
below, show that the uninfected testicular tissues of the reinfected animal 
are much more resistant to the spread of the disease. 

The condition at autopsy of the testes from a reinfected animal and 
from a control animal in the later stages of the infection, as noted just 
above, is illustrated in figures 1 and 2. Figure 1 (A and B) shows the 
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pair of testes from a control animal as they appeared at the autopsy, 
34 days after the testicular inoculation. The infected testis, which 
is shown at the left of the figure (figure 1A), is about twice normal size, 
and is covered with tubercular nodules over a considerable portion of the 
surface. The fat body is also infected and considerably enlarged. At 
this stage the infection has also spread to the uninfected testis, shown in 
figure 1B, and a few tubercular nodules can be seen on the surface of the 
testis proper and on the fat body. The uninfected testis is somewhat 
smaller than normal. 

In figure 2 (A and B) is shown the pair of testes from a reinfected animal 
as they appeared at the autopsy 49 days after the testicular infection. 
The time, it will be noted, is 15 days longer than in the case of the control 


EXPLANATION OF FicuRES (PLATES 1-7) 
Abbreviations (which apply to all figures) 


EPI., epididymis; EXU., exudate; F.B., fat body; F.T., fibrous tissue; G.C., germ cells; 
I.A., intertubular area; S.T., seminiferous tubule; TES., testis; TUB., tubercle; V.D., 
vas deferens. 


PLaTE 1 


Fig. 1. Testes of control animal, GP 75. Killed 34 days after testicular inoculation of A. 
Drawn at autopsy. A, infected testis; B, uninfected testis. 

Fig. 2. Testes of reinfected animal,GP42. Killed 49 days after testicular inoculation of A. 
Drawn at autopsy. A, infected testis; B, uninfected testis. 

Fig. 3. Testes of control animal, GP 78. Killed 27 days after testicular inoculation of A. 
Drawn at autopsy. A, infected testis; B, uninfected testis. 

Fig. 4. Testes of reinfected animal, GP 61. Killed 27 days after testicular inoculation of 
A. Drawn at autopsy. A, infected testis; B, uninfected testis. 


animal shown in the preceding figures. The infected testis (figure 2A) 
presents an advanced stage of the disease. The testis is about normal 
in size, and the surface is almost completely covered with tubercular 
nodules. The epididymis is greatly increased in size and is also heavily 
infected. The uninfected testis of this animal (figure 2B) is normal 
in appearance, and the microscopic study of the tissues reveals some 
degeneration of germinal cells, but no evidence of infection. The con- 
dition shown in this testis is very different from that typically found in 
the uninfected testis of a control animal, even at an earlier stage as 
shown in figure 1B. Attention should be called to the fact that the fat 
body is considerably enlarged in the testis shown in figure 2B. This 
enlargement has been found in a number of cases, and, as a matter of 
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fact, it seems to be quite a characteristic feature of both the testes from 
the reinfected animals, as can be noted from figures 2 and 4. Whether 
or not there is any significance attached to this condition, which might 
account for the greater resistance to the disease found in the uninfected 
testis of the reinfected animals, has not been determined. 

It has been emphasized above that the data obtained from the autop- 
sies reveal considerable evidence of a difference between the uninfected 
testes from the reinfected animals and those from the control animals in 
their resistance to the spread of the infection from the infected testis, 
uninfected testes from the control animals being much more susceptible 
to the secondary infection. Attention should also be called to the fact 
that, in either type of experimental animal, the uninfected testis may 
become abnormal and degenerate even though it remains uninfected by 
the tubercle bacilli. Asis well known, the testicular tissues are extremely 
sensitive to various factors, any of which will bring about a degeneration 
and elimination of the germ-cells and a general cryptorchid condition. 
Moore (38), for example, has shown that this condition may result from 
the retention of the testis in the abdominal cavity. Evans (13) and 
Mason (33) have shown that a degeneration of the testicular tissues in 
the rat may be caused by certain diets which are adequate for general 
maintenance but not for reproduction. 

A degeneration of uninfected testes, which have remained free from 
the disease, has often been noted in the present studies. Such a testis 
is found at autopsy to be more or less reduced in size, and the microscopic 
study shows the germinal tissues to be in a degenerated condition. A 
degenerative condition of this kind is undoubtedly due to a retention 
of the uninfected testis in the abdomen, and this, in turn, has occurred 
as a result of the swelling and inflammation following the primary infec- 
tion in the other testis of the pair. The histological picture resulting 
from this type of degeneration is very different from that found in an 
infected testis. (Cf. figure 15.) 

This tendency of an uninfected testis to undergo degenerative changes 
apparently occurs more frequently in the control animals than it does 
in the reinfected animals. This, it would appear, is associated with the 
fact that, in the majority of cases, as has been noted above, there is a 
considerable enlargement of the infected testis of the control animal 
following the inoculation. A typical case of this condition is illustrated 
in figures 3 and 4, which show respectively the pair of testes from a control 
animal and that from a reinfected animal. The animals from which the 
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two pairs of testes were taken were killed 27 days after the testicular 
infection. The condition of the testes in the control animal at this stage 
is shown in figure 3 (A and B). The enlarged testis at the left (3A) is 
the infected testis. It is almost twice normal size due to an oedematous 
condition. The tubercles are not yet prominent externally. The 
uninfected testis (3B) is shown at the right. It will be noted that it is 
much smaller than the infected testis and is, in fact, considerably below 
one-half normal size. The decrease in size is undoubtedly due to abdomi- 
nal retention and the consequent degeneration and elimination of the 
germ cells. The microscopic preparations give no evidence of infection. 
The degeneration, as the result of abdominal] retention, is also illustrated 
in figure 1B. In figure 4 (A and B) is shown the condition of the pair 
of testes from the reinfected animal. The infected testis at the left 
(4A) is slightly smaller than normal and is studded with tubercular 
nodules. The testis is hard and resistant because of a heavy fibrosis. 
The uninfected testis at the right (4B) is normal in appearance, and is 
slightly larger than normal in size. 


B. Microscopic Observations 


The structural changes appearing in the testicular tissues following 
infection with tubercle bacilli form a striking and consistent series, which, 
in a comparatively short time, radically alter the normal histological 
picture of this organ. The early stages in these changes occur more 
rapidly in the infected testes of reinfected animals, but the final result, 
as shown in the microscopic preparations, is essentially the same in both. 
In the infected testes of both types of experimental animals there 
occurs (1) the degeneration and elimination of the germinal cells from 
the seminiferous tubules, (2) the formation of a large amount of exudate 
‘in the intertubular areas of the testis and epididymis, (3) a more or less 
abundant cellular infiltration in the intertubular areas, and (4) the abun- 
dant formation of fibrous tissue throughout the infected areas, which 
infiltrates and encapsulates the tubercles as they gradually develop in 
the intertubular areas. 

We shall now proceed with a detailed consideration of the histological 
material, obtained from the infected testicular tissues, which shows a 
series of stages in the process of fibrous-tissue formation in the testis 
as just noted. In figure 5 a portion of a typical section through the 
normal testis of a guinea pig is shown at a magnification of 80 diameters. 
It will be noted that, for the most part, the seminiferous tubules lie in 
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quite close apposition to each other. There are, however, occasional 
intertubular areas, containing small areas of interstitial] tissue. 

The normal] histological picture of a guinea-pig testis preserved in 
Allen’s B15, as shown in figure 5, can be greatly altered by the use of a 
preserving fluid which is not so well-adapted to the testicular tissues. 
For example, the use of Zenker’s fluid, which is generally recognized as 
one of the best preserving fluids for most types of tissues, will alter the 
testicular tissues to such an extent that a quite different histological 
picture is presented from that shown in figure 5. This alteration in the 
testicular tissues preserved in Zenker’s appears to be due chiefly to a 
shrinkage of the seminiferous tubules with a corresponding increase in 
the size of the intertubular areas. 

By way of contrast with the normal testicular tissue, we may note at 
this time the extraordinary condition presented in figure 14. The section 
illustrated is from the infected testis of a control animal killed 45 days 
after the direct testicular inoculation, and it shows an extremely degener- 
ated condition of the testicular tissues together with very marked fibrosis. 
The seminiferous tubules are small, shrunken and scattered, and some 
of them appear to have entirely disappeared. They contain practically 
no germinal cells, but only the Sertoli-cell nuclei embedded in what 
appears to be a syncytial mass of protoplasm. A very great increase in 
the size of the intertubular areas is to be noted, and large amounts of 
fibrous tissue are present in them. The newly formed fibrous tissue 
shows the greatest concentration in the regions around the tubercles, 
which are infiltrated and encapsulated by it. It will be shown from the 
intervening stages (figures 6-13) that the development of the fibrous 
tissue in the intertubular areas is very rapid, and that a condition almost 
as advanced as that presented in figure 14 may be found in material 
obtained from testes about three weeks after the infection. 

Having noted from figure 14 the tremendous degeneration and struc- 
tural transformation that take place in the testicular tissues following 
experimental tuberculosis, particularly with reference to the development 
of the fibrous tissue, we shall next proceed with the study of the problem 
at hand, namely, the method by which the fibrous tissue is formed. In 
this connection a series of microscopic preparations of the infected tissues 
will be illustrated and described, which, it is believed, clearly show the 
sequence of changes taking place in an infected testis and leading up to 
the condition portrayed in figure 14. 

A typical picture of an early stage in the development of the fibrous 
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Fig. 5. Portion of a section of a normal guinea-pig testis. Taken from the uninfected 
testis of a reinfected animal (GP 31), which was killed 6 days after the inoculation of the 
other testis. X 80 

Fig. 6. Portion of a section of an infected testis taken from a control animal (GP 71) which 
was killed 6 days after the testicular inoculation. X 80 
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tissue is to be found in the infected testis of a control animal a few days 
after the direct inoculation with tubercle bacilli. The preparations show 
that the reaction by the testicular tissue in the control animals to a direct 
inoculation of tubercle bacilli is not nearly so rapid as it is in the reinfected 
animals, and it is not unti] about the sixth day after the testicular inocula- 
tion that definite structural changes are apparent in the histological 
preparations from the infected regions. The condition at this time is 
shown in figure 6, at a magnification of 80 diameters, which portrays 
the infected testis of a control animal six days after the inoculation. A 
comparison of this figure with that of a normal testis, shown in figure 5, 
makes clear certain changes which are taking place. In the first place, 
the germinal cells within certain of the seminiferous tubules do not appear 


“normal. This is to be noted with regard to all the more mature stages, 


but especially the fully formed sperm cells which are being sloughed off 
and eliminated from the tubules. Of much more importance from the 
standpoint of our present study, however, is the presence of a considerable 
amount of exudate in the intertubular areas, certain of which are com- 
pletely filled with this dense, heavily-staining substance, which, under 
a medium magnification, appears for the most part quite homogeneous 
in nature. Examination under the oil-immersion Jens, however, reveals 
the fine elements of a typical fibrin net. 

We may now consider the infected testis portrayed in figure 7, which is 
from a reinfected animal killed only two days after the testicular inocu- 
lation had been given. It can be noted at once that the reaction of the 
testicular tissues to the infection is much more severe and that the degen- 
erative changes are considerably more advanced than in the testis of a 
control animal preserved six days after the testicular inoculation as seen 
in figure 6. The intertubular areas are much larger, and they are all 
completely filled in this region with the exudate which has been poured 
out in such amazing abundance. ‘The picture one gets in such a prepara- 
tion might be crudely described as a “lake’’ of exudate in which the sec- 
tions of the seminiferous tubules appear as ‘“‘islands.”’ 

The microscopic structure of the exudate, as revealed with high 
magnification, is of the same general character as shown in figure 6. It 
is composed of very fine filaments such as would be found in any normal 
preparation of coagulated blood plasma. In other words, it is apparent 
that the character of the exudate at this stage of the infection, at least 
after preservation, is essentially that of a fibrin net. It should be noted, 
however, that even at this stage small areas of the exudate can be found 
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Fig. 7. Portion of a section of an infected testis taken from a reinfected animal (GP 93), 
which was killed 2 days after the testicular inoculation. X 75 

Fig. 8. Portion of a section of an infected testis taken from a reinfected animal (GP 92), 
which was killed 4 days after the testicular inoculation. X 75 
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in which the fibrin elements are uniting to form very delicate fibrils, a 
process which undoubtedly marks the beginning of the structural trans- 
formation of the fibrin net into a fibrous material, as will be emphasized 
in the later stages. Present in certain regions of the exudate are consider- 
able numbers of infiltrated cells, practically all of which are white blood- 
cells. Other regions of the exudate may be noted in which the blood- 
cells are lacking. Here, as in figure 6, abnormal conditions are very 
apparent in the degeneration and elimination of the germinal cells. 

We shall now proceed to the consideration of a more advanced stage 
in the degenerative processes of an infected testis as well as a corre- 
sponding development in the fibrosis. Figure 8 shows the condition in 
the infected testis of a reinfected animal four days after the testicular 
inoculation. This figure reveals a marked degeneration and elimina- 
tion of the germ-cells, the tubules being we!l emptied at this stage. 
Particular attention is called to the condition of the exudate in the 
intertubular areas. Here the process of fibrillation has become very 
marked in all regions, so that the exudate presents a decided change in 
its structure from the high degree of homogeneity characteristic of the 
stages illustrated in figures 6 and 7. A comparative study of a large 
amount of material has given clear evidence that the four-day stage, as 
shown in figure 8, is probably the most suitable for demonstrating to best 
advantage the transformation of the exudate and the resulting develop- 
ment of the fibrous tissue. A greatly enlarged portion of a region from 
an intertubular area of figure 8 is shown in figure 9 at a magnification 
of 375 diameters. 

The condition of the exudate, as illustrated in figure 9, is worthy of 
particular attention, for it gives clear evidence of the formation of long, 
delicate, and typical wavy fibrils directly from the fibrin elements of 
the exudate. It is clear that there occurs here, just as has previously 
been noted in the case of clotted blood-plasma (5), a fusion of the minute 
structural elements present in the exudate to form the long fibrils. A 
further stage in the process of fibrosis is also illustrated in this figure, 
namely, the general tendency of the individual fibrillae to be drawn 
together, so that they lie parallel to each other and thus form bundles 
of fibres which often reveal the curved or wavy appearance so character- 
istic of certain types of connective tissues. 

Having noted the structural transformation of the elements of the fibrin 
net in the exudate, a process which, as we have seen, gives rise to a 
fibrous material:such as is found in connective tissue, the question as to 
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Fig.9. Portion of the section shown in fig. 8 at a higher magnification. X 375 
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whether the tissue-cells exhibit any direct relation to this process may 
next be considered. Fortunately this question may be definitely 
answered because, in the testicular tissues, the origin of the fibrous tissue 
is not complicated by the presence of fibroblasts or other cells in the 
exudate, which conceivably could play a direct réle in the process of 
fibre-formation. The condition shown in figure 9 is typical. The 
histological preparations from the infected testicular tissues, just as 
illustrated in this figure, give no evidence of any connection between the 
scattered cells present and the newly-formed fibres nor any evidence of 
any cellular influence present in the process. It appears clear, as noted 
above, that the transformation phenomena which result in the fibrilla- 
tion of the exudate are due basically to a rearrangement of the minute 
elements present in the coagulated exudate. 

Thus the present observations give evidence that fibrosis is to be 
regarded as another step beyond that of coagulation. In a word, cer- 
tain body-fluids such as blood-plasma, lymph and exudate undergo 
coagulation. The gel thus formed has, under favorable conditions, the 
further possibility of being transformed into a fibrous substance. It has 
been indicated above that structurally, at least, the fibrous substance, 
which arises in the intertubular areas by a direct transformation of 
elements present in the coagulated exudate, is identical with various 
types of connective tissues ranging from a delicate reticulum to the 
areolar type. 

There can be no question but that the newly formed fibrous material] 
in the intertubular areas has arisen directly from the fibrin net of the 
exudate. This brings us at once to the question of its chemical nature. 
Is there any evidence that the exudate is chemically transformed as well 
as structurally transformed? Here again an affirmative answer can be 
given based on very definite tinctorial reactions. In this connection 
attention should be called to figures 10, 11 and 12. These figures illus- 
trate the condition in the infected testis of a reinfected animal which 
was killed 20 days after the testicular inoculation. 

In figure 10 the general condition is shown under a comparatively low 
magnification. From this figure it is very apparent that the testicular 
degeneration illustrated in figures 7 and 8 has become still further intensi- 
fied. Particularly to be noted is the almost complete elimination of the 
germinal cells from all of the seminiferous tubules and the greatly 
enlarged intertubular areas. The latter are completely filled with the 
newly formed fibrous tissue in various stages of development. We may 
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now turn to figures 11 and 12 for a very clear picture of the condition 
of the new fibrous tissue. Figure 11 is from near the middle of figure 
10 and was drawn at a magnification of 900 diameters. Figure 12 is 
from near the centre of figure 11 and was drawn at a magnification of 
1125 diameters. These figures, drawn from a Mallory stained prepara- 
tion, show clearly what takes place in the infected intertubular areas 
and also permit certain conclusions to be drawn regarding the chemical] 
nature of the transformed exudate. Figure 11 shows numerous bundles 
of highly developed collagenous fibres. There can be no question from 
their structure and tinctorial reaction but that these are collagenous 
fibres. There are no other fibres known which have the same appearance 
and which take the beautiful clear ultramarine blue with the Mallory 
stain. This figure also shows areas of the exudate which are untrans- 
formed or are in the process of transformation into the fibrous material. 
The structure and the tinctorial reaction of the material in such regions 
are very different from that present in the fully transformed areas. 
Further details regarding the structural and chemical transformation 
are illustrated in figure 12. In the centre of this figure the fibrous bundles 
are well developed, while above and below this region areas are to be 
noted in which the elements of the fibrin net of the exudate retain more 
or less of their normal condition. It is clear, however, that the process 
of transformation is going on in the entire area shown. In other words, 
the collagenous bundles are arising from the elements of the exudate by 
a direct process of fusion and consolidation independently of any cellular 
influence. Furthermore, there is a decided change in the tinctorial 
reaction as the transformation proceeds. The fibrin elements stain a 
purple or bluish-purple, as illustrated in the figure, but the fine fibrillae 
and the fibrous bundles take the typical clear blue of collagenous tissue. 
The tinctorial reaction is definite and consistent, and therefore clearly 
indicates that a chemical transformation of the fibrinous elements of the 
exudate is taking place coincident with the structural transformation. 
Consideration may now be given to the question of the fate of the new 
fibrous tissue as the tubercles develop in the infected regions. In figure 
13 is shown a portion of the infected testis from a control animal 21 days 
after the inoculation. A study of the condition pictured in this figure 
and a comparison with previous figures show certain differences. In the 
first place, a still more marked degeneration of the germinal tissues has 
occurred, as well as a decrease in the size and number of the seminiferous 
tubules. The intertubular areas are correspondingly increased in size, 
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Fig.'10. Portion of a section of an infected testis taken from a reinfected animal 
(GP 51), which was killed 20 days after the testicular inoculation. X 67 

Fig. 13. Portion of a section of an infected testis taken from a control animal (GP 64), 
which was killed 21 days after the testicular inoculation. X 67 
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Portion of the section shown in fig. 10 at a higher magnification. X 750. 
A portion of the section shown in fig. 11 at a higher magnification. X< 938 
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and a heavy cellular infiltration has occurred, so that the fibrous tissue 
does not at first sight appear so prominent as in the previous stage. 
However, the fibrous tissue permeates the entire region and, in particular, 
infiltrates and encapsulates the tubercles, one of which, as will be noted 
in the figure, is developing in the large intertubular area in the centre of 
the figure. It has been emphasized previously, and illustrated in figures 
6 and 7, that the onset of the degenerative changes is much more rapid 
and severe in the testes of reinfected animals than it is in the testes of 
control animals. However, by the twentieth day after the testicular 
infection, the condition of the testes from the two types of experimental 
animals is essentially the same or, if there is any difference, those from 
the control animal, as in the case of figure 13, show a more advanced 
condition. 

It is clearly apparent that the fibrous tissue shown in figure 13 is the 
same type as that shown in the previous figures, the origin of which has 
been definitely traced from the exudate. In figure 13 the fibrous tissue 
is, in general, more consolidated; that is to say, the delicate, individual] 
fibrillae have been brought together to form the heavy, wavy bundles 
of fibres characteristic of areolar rather than reticular tissue. These 
fibrous bundles show the greatest development and concentration around 
the periphery of the tubercle, from which region the finer fibrillar elements 
can be traced, in many cases, to the individual fibrillae in the outlying 
regions. ‘The impression one gets from a study of the material is that 
the consolidation of the minute individual fibrillae into the heavy 
fibrous bundles has been due, at least in part, to a process of crowding 
by the infiltrating cells. It is possible also in certain regions of the 
preparation, where the cellular infiltration is not so heavy, to find por- 
tions of the exudate where the process of fibrosis can still be observed 
just asin figures 8or10. Thus there is evidence, not only that the trans- 
formed exudate remains as the fibrous tissue in the infected testicular 
tissues, but also that the process of transformation continues as the 
infection progresses. 

One of the most advanced stages in the fibrosis of the testicular tissues 
following tuberculous infection is that shown in figure 14, which was used 
for comparison (p. 601) with the normal testis figures in figure 1. We 
may now proceed to a consideration of certain features of the advanced 
stages in the process which are here illustrated. Thus the degeneration 
of the germinal material has reached its maximum, as has also the forma- 
tion of the fibrous tissue in the intertubular areas. Tubercles in various 


Fig. 14. Portion of a section of an infected testis taken from a control animal (GP 73) 
which was killed 45 days after the testicular inoculation. X 34 

Fig. 15. Portion of a section of the uninfected testis taken from a reinfected animal 
(GP 60), which was killed 34 days after the testicular inoculation. X 67 
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stages of development are to be seen, all of which are marked by a heavy, 
peripheral concentration of the newly-formed fibrous tissue. There can 
be no question but that the condition of fibrosis illustrated in this figure, 
although much more advanced than in most of the earlier stages as shown 
in the preceding figures, is fundamentally the same in its histological 
structure and its method of development. Furthermore, regions can 
be found, even at this stage, where the fibrosis is not complete and where 
the method by which the fibrous tissue originates from the elements of 
the exudate can be traced, just as shown previously. 

Inasmuch as fibrous tissue is being formed in the testes during the 
later stages of the infection, as has been noted in the discussion of the 
material shown in figures 13 and 14, it is not necessary to study a series 
of preparations showing various stages of infection. Usually prepara- 
tions from a single infected testis in which the degenerative processes 
are not too far advanced will exhibit the various steps in the transforma- 
tion of the exudate into the fibrous tissue. This fact has been noted 
previously in our consideration of figures 10, 11 and 12. 

The degeneration of the testicular tissues and the development of 
fibrous tissue in the infected tissues of the control and reinfected animals. 
having been traced, brief mention may be made of a different type of 
degeneration which gradually develops in the uninfected testes in certain 
cases, apparently as the result of a retention of the testis in the abdominal 
cavity. In figure 15 is shown a typical portion of the uninfected left 
testis of a reinfected animal, which was killed 34 days after the testicular 
inoculation into the right testis. The figure, drawn at a magnification of 
67 diameters, presents a markedly different histological picture from that 
present in any of the infected testes. The examination of the semini- 
ferous tubules shows that, although a considerable elimination of the 
germinal cells has taken place, the tubules and the intertubular areas 
have remained about normal in size. Of particular interest is the fact 
that the intertubular areas show no exudate present in them and no 
development of fibrous tissue. The study of this and many other similar 
preparations gives definite evidence that the exudate and fibrous tissue 
are not present in the testes which remain free from infection. 


IV. DISCUSSION 


It is clear from the results of the present investigations, as presented 
in the preceding pages, that the histological changes induced in the 
guinea pig testis by tubercle bacilli render it a very favorable material 
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for a study of the development of fibrous tissue under pathological condi- 
tions. This is due primarily to the unique histological structure of the 
testicular tissues, which permits the ready interpretation of the structural 
changes taking place following the infection. Thus, the fact that the 
fibrous tissue arises in the greatly enlarged intertubular areas of the 
testis permits the formation and the later transformation of the exudate 
to be observed with an ease which is quite impossible in the other types 
of infected tissues thus far studied. 

It is felt that there can be no doubt about the conclusion which has 
been reached in the present study as to the method of fibrous-tissue for- 
mation, namely, that it develops by the direct transformation of an inter- 
cellular exudate; the process of transformation being apparently identical 
in its structural details with that which may occur in blood plasma fol- 
lowing its coagulation. Undoubtedly a process of this kind is a funda- 
mental feature of fibrous-tissue formation under the experimental] con- 
ditions used in the present experiments. This result agrees with those 
which have been presented in earlier papers on various phases of the 
connective-tissue problem (3) (4) (7) (8). The basic question in all 
these studies has been to determine whether the fibrous material of the 
connective tissues is intercellular or intracellular in its origin. The 
results obtained, with the confirmation given by Alfejew (1), Harrison, 
(15), Heringa and Lohr (16), Maximow (35), (36), Nageotte (40), and 
others, leave no doubt in our opinion as to the correctness of the inter- 
cellular theory of connective-tissue development. In general, it may be 
said that the ground-substance of connective tissues, in the embryo or 
in the adult, under normal or under pathological conditions, arises by 
the direct transformation of a secreted intercellular material. 

It is a well-known fact in pathology that almost any alteration in the 
normal conditions of the tissues causes more or less fibrosis. Fibrosis 
constitutes a typica] defense-reaction of the body tissues. It would 
seem that, fundamentally, the process of fibrosis in tissues following 
infection with tubercle bacilli constitutes a defense-reaction,—an attempt 
to seal off the infected areas from the sterile tissues so that the disease 
will not continue to spread. With a sterile inanimate object the process 
of fibrosis will always be successful. In a short time the invading object 
will be segregated from the rest of the body by a dense encapsulating 
area of fibrous tissue. On the other hand, when tissues are invaded 
by living microérganisms, the process of fibrosis which is called forth 
may not be successful in permanently sealing off the infected areas from 
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the rest of the body because of the fact that the invading microérganisms 
may find the surroundings suitable or even advantageous. Accordingly, 
they will continue to multiply and destroy the living cells and, finally, 
to break through the fibrous defense-wall that has been erected. This 
condition appears to be present in the case of an invasion of living tissue 
by a virulent strain of tubercle bacilli. The defense of the animal or- 
ganism against them is fibrosis,—an attempt permanently to localize 
the infected area. The virulent intracellular microdrganisms, however, 
find the conditions adapted for their continued growth and multiplica- 
tion. They destroy not only the cells, which might be expected to 
ingest and dissolve them, but in time manage to escape from the defense- 
area and to spread to other uninfected regions where the same process 
takes place again. On the other hand, invading tubercle bacilli of less 
virulent strains are unable to destroy their living host’s cells, and, although 
they may remain alive for long periods in the encapsulated tubercle, 
their spread is permanently prevented as a result of the fibrosis. 

In considering the defense of the animal organism against tubercle 
bacilli, as shown in the present study, emphasis should be laid upon the 
difference that has been noted in the early reaction of the testicular 
tissues of the reinfected animal as compared to the control animal. The 
difference, it will be remembered, is this: The infection of the testis in an 
animal previously infected causes a very rapid and very abundant forma- 
tion of exudate in the infected areas. The process of fibrosis through 
the transformation of the exudate and the consequent sealing off of the 
infected areas is thus able to proceed with much greater rapidity in the 
reinfected animals than it is in the control animals. In other words, 
the results at hand indicate that a previous infection with bacilli of low 
virulence equips the animal organism with the materials for a more rapid 
defense in an attempt to localize the infection and isolate the infective 
agent. Long and Miller (28) have noted the excess of fibrosis in the 
reinfected testis. 

We may now proceed to a consideration of the nature and behavior of 
the secreted intercellular material which is fundamental for the develop- 
ment of the connective tissues in general. This consideration must 
necessarily be largely from the structural standpoint during the trans- 
formation processes, the details of which are made clear in the histo- 
logical preparations. The same, unfortunately, cannot be said with 
regard to the details of the chemical transformation, which undoubtedly 
must take place before the coagulated intercellular exudate is trans- 


ORIGIN OF FIBROUS TISSUE 619 


formed into a permanent, collagenous, fibrous tissue. At present, there 
is, aside from the tinctorial reactions of the histological material, which 
will be considered later, surprisingly little information available as to 
the chemical nature of fibrin and, in particular, newly-formed fibrous 
tissue, or, for that matter, of fibrous tissues in general. And it appears 
that no chemical studies have as yet been made in an endeavor to deter- 
mine the relationship which, from abundant histological evidence, we are 
of the opinion must exist between fibrin and fibrous tissue. 

An exceedingly interesting and valuable contribution along this line 
is the recent study by Maximow (36) on the development of collagenous 
tissues in tissue-cultures. Maximow definitely shows in this contribu- 
tion that a collagenous connective tissue gradually arises by the trans- 
formation of an intercellular materia] in tissue-cultures of connective 
tissues of the adult rabbit when they are grown in the plasma and embry- 
onic-extract medium. He is able to follow the complete development 
of the fibres, and to show by the tinctorial reactions a change in their 
chemical nature as they become converted into collagen. Although 
Maximow states that he regards the possibility of a direct transformation 
of the fibrin present in the plasma-clot of the tissue-cultures into col- 
lagenous tissue as being doubtful, an analysis of his experiments appar- 
ently allows no other possible interpretation. The facts with regard to 
Maximow’s cultures are, first, that the explanted piece of tissue remains 
permanently located and intact, and can be identified throughout the 
history of the cultures, so that it can be ruled out as a place of origin 
for the fibres. Second, the fibres which develop are shown, at all stages, 
to have no physical connection with the wandering fibroblasts. Finally, 
there appears to be no possibility that the fibroblasts wander throughout 
the clot and give off a definite secretion which becomes fibrillar. The 
fibre-formation, in the older cultures, becomes more and more abundant 
throughout the clot, until, as shown in Maximow’s figures 4 and 5, the 
culture medium is a mass of collagenous fibres. This practically com- 
plete fibrosis occurs in regions where no fibroblasts or other cells are or 
have been present. It must be that the elements of the fibrin-clot in 
such regions are directly transformed into the collagenous fibres. 

Through the kindness of Professor Maximow, an opportunity was given 
to the senior author to examine a number of permanent preparations 
made from the cultures in which the development of the fibrous tissue 
took place. In my opinion (G.A.B.) it is possible to observe in such 
preparations that there is a direct relationship—a continuity—between 
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the elements of the fibrin-net in the clotted culture medium and the 
developing connective-tissue fibres, so that one may trace the structural 
changes of the fibrin elements during the process of transformation, 
just as was the case in the experiments with cultures of frog’s tissues 
embedded in frog-plasma (3). In these experiments with frog’s tissues 
it was shown that the fibrin elements, particularly in the region surround- 
ing the embedded tissue, were gradually converted into bundles of typical] 
wavy fibres. The structural details of this transformation of the fibrin- 
net were shown even more clearly in a later contribution (5) as the result 
of a series.of experiments in which the plasma-clot obtained from frog’s 
blood, without any embedded tissue, was influenced by various mechan- 
ical factors. The results obtained demonstrated that the fibrin-net could 
be directly transformed into a fibrous material, which, judging from its 
histological structure and staining reactions, could not be distinguished 
from regular collagenous tissue. 

As the result of the experiments with frog-plasma, as just noted, it 
seems reasonable to suppose that the formation of fibrous tissue de- 
scribed by Dr. Maximow would take place, under the proper conditions, 
in the culture medium he used independently of the presence of living 
tissues in the cultures. In other words, the fibrin elements of the clot 
are in themselves capable of being directly transformed into a fibrous 
tissue which, from the histological side at least, is typical of the fibrous 
tissue normally present in the animal body. Furthermore. it can be 
shown in cultures of frog tissues that, if the fibrin is removed from the 
plasma of the culture medium, no formation of fibres wil] ever take place 
in the cultures no matter what tissues are present. The basis of the 
fibres is undoubtedly the elements of the fibrin-net. 

There can be no question, then, about the fact that a direct transfor- 
mation of the fibrin into a fibrous tissue takes place in frog plasma. 
From the analysis of Maximow’s experiments given above there is 
evidence that the same thing is true for rabbit-plasma. The question 
next to be considered is whether this new fibrous material, formed directly 
from the fibrin of the clot, is really collagenous tissue, or, in other words, 
whether a chemical transformation of the fibrin takes place coincident 
with the morphological transformation. 

In the previous experiments with frog-plasma (5), emphasis was laid 
upon the process of transformation from the morphological rather than 
from the chemical side, except to note the typical staining reactions of 
the newly-formed fibrous tissue with the Mallory connective-tissue stain. 
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On the other hand a typical staining reaction with the van Gieson stain 
was not secured, nor were the results from digestive tests with pancreatin 
helpful. Maximow’s noteworthy contribution to the subject adds a 
final link to the chain of evidence by showing definitely, by means of the 
crucial digestion experiments with pancreatin, that the newly-formed 
fibrous tissue arising in the culture medium of his cultures is a true col- 
lagenous tissue. All the staining reactions, including silver impregna- 
tion, show the same results as the digestion tests. It should be said in 
this connection that the fibres, when first formed in Maximow’s cultures, 
do not give the collagen reactions. The transformation into true collagen 
must, therefore, be a gradual process and follow the structural trans- 
formation. It is evident that the cultures of frog-plasma (3) were not 
kept long enough to complete the chemical transformation, so that the 
digestion tests were negative with respect to collagen. 

Further experimentation is needed to determine the proper conditions 
necessary to bring about the chemical transformation of the elements of 
the fibrin-clot. Although it has been shown, as noted above, that the 
structural transformation of a fibrin-net into a fibrous tissue may occur 
in plasma-clots of frog’s blood under the influence of various mechanical 
factors and in the absence of any living tissue, it has not been shown that 
such a transformation in the absence of cells is also chemical in its nature. 
There is the possibility that for the chemical transformation to occur 
some particular secretion or secretions from living cells must be present. 
Harrison has indicated his belief that such a secretion is responsible for 
the formation of the basement-membrane from the ground-substance in 
the balancer of the Amblystoma embryo. He says (15—p. 412), 


We must, therefore, regard this structure as a product of the action of the 
epithelial cells upon the underlying undifferentiated mesenchymal matrix, by 
which the latter is changed from its indefinite diffuse condition to a sharply 
defined membrane composed of a dense felt of reticulum fibers. It is quite 
possible that the mechanical effect of the evagination may have something to 
do with its formation, but this cannot be the sole cause or even a very important 
factor, since in the external gills, which grow out simultaneously with the 
balancer, no such membrane is formed, and part of the membrane may be found 
in cases where no pronounced outgrowth occurs. We must look to some other 
kind of activity in the epithelial cells, and one naturally thinks of an enzyme 
action which condenses or coagulates the underlying diffuse intercellular 
ground-substance transforming it into a fibrillar tissue which gives almost the 
same chemical reactions as reticulum. 
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Maximow also is in agreement when he says (36—p. 442), “the first 
fibrillae appear in the medium surrounding the cells, as the result of 
precipitation or, perhaps, of transformation of some colloidal sol into a 
gel under the influence of an unknown character, probably of a chemical 
nature, which originates in the cell body of the fibroblasts and diffuses 
into the surrounding medium.” 

On the other hand, there is the possibility that the chemical trans- 
formation of the fibrin-net occurs independently of any secretion from 
the living tissues and that the only requirement for the chemical trans- 
formation is a time factor. ‘That is to say, a fibrin-clot under the proper 
conditions will automatically alter its chemical nature, just as it has the 
power to alter its histological structure in the process of fibrosis. In this 
connection the following statement by Mall (30—p. 182) is pertinent: 


It is quite generally admitted that fibrin, keratin fibrils (shell membrane) and 
chitin fibrils are not formed from prolongations of cells. They must be looked 
upon as secretions of cells or as hardening of intercellular substances. Fibrin, 
for instance, is when fresh, easily digested in dilute hydrochloric acid, but old 
fibrinous exudates are very resistant. They are not destroyed in concentrated 
HCl or HNO;. This is an instance where a delicate fibril becomes more and 
more resistant. We must admit of a similar method in the development of 
elastic tissue. The tissue is first deposited as a very delicate network of fibers 
which gradually become thicker and thicker. 


It should be pointed out, however, in connection with this view of Mall 
that the ‘‘old fibrinous exudates” may have become resistant owing to 
contact with living tissues. This point is not considered in his paper. 
Whether or not fibrin can be chemically transformed in the absence of 
living tissues, the main fact remains that it does become transformed 
under certain conditions into a collagenous fibrous tissue. The chemical 
side of the transformation is still to be worked out; the details of the 
structural transformation from the fibrin net to fibrous tissue have been 
established by direct observation. 

Hertzler (19) (21) was convinced that a direct transformation of the 
fibrin-clot into a coJlagenous fibrous tissue occurred. This conclusion 
was based on an extended series of experiments with dogs, in which he 
observed the development of fibrous tissue in connection with experi- 
mental peritoneal adhesions following abdominal operations. Nageotte 
(39) in an extended series of experiments has also reached the same 
conclusion with regard to the relationship existing between fibrin and 
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collagenous tissue. The idea goes back originally to the early workers in 
this field and especially to the great surgeon and pathologist, John Hunter 
(23). It was universally held for many years, until the intracellular 
theory of the formation of connective tissues, as developed by Flemming 
(14) and others, caused an abandonment of the idea by the pathologists. 
In other words it appears that we are now getting back to the origina] 
viewpoint regarding the relationship between fibrin and collagen, and 
this time it is believed that the proof is so overwhelming that the founda- 
tion is secure and immovable. But it will undoubtedly take many years 


before this fact is fully recognized. 


V. SUMMARY 


1. The infection of the testicular tissues of the guinea pig with tubercle 
bacilli causes rapid and marked degenerative changes of germinal cells 
in the seminiferous tubules. The onset of these changes is much more 
rapid in the testes of the reinfected animal than it is in the control animal. 
The degeneration of the germinal cells is followed by their rapid elimina- 
tion from the testis. Soon many of the seminiferous tubules are practi- 
cally emptied of the germinal cells. This elimination of the germinal 


cells from the seminiferous tubules results in a marked decrease in the 
diameter of the tubules themselves, together with a corresponding 
increase in the size of the intertubular areas. 

2. The rapid formation of an abundant exudate in the enlarged inter- 
tubular areas throughout the infected regions, beginning shortly after 
the infection, is a very prominent feature of the histological changes which 
take place in the testicular tissues. The study of the exudate shortly 
after it appears in the infected region, as seen in the microscopic prepara- 
tions, shows it to be comparatively homogeneous in its nature and to 
present much the same appearance as found in stained sections of coagu- 
lated blood-plasma. 

3. The formation of fibrous tissue is brought about as the result of a 
direct transformation of the elements of the exudate in the intertubular 
areas. In the first stage of the transformation areas of the exudate show 
a fine fibrillation. A more advanced stage presents the typical appear- 
ance of a reticulum. The climax is reached in the formation of heavy 
bundles of wavy fibres, which appear identical with, and which take 
typical stains for collagenous fibres. These infiltrate and encapsulate 
the developing tubercles and, in general, permeate throughout the 
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infected area. The entire process of fibrous-tissue formation, as observed 
in the present study, is due to the fusion and consolidation of the minute 
filaments present in the exudate. This does not preclude the possibility 
that the infiltrating cells may alter the chemical nature of the developing 
fibrous tissue by means of cellular secretions, nor the possibility that 
the movements of the cells through the exudate may, through mechanical 
factors, aid in bringing about the fusion of the fibrin-like elements 
present in the exudate. 

4. The development of the tubercles, which are characteristic of 
tissues infected with tubercle bacilli, in the infected regions of the testes 
takes place in the greatly enlarged intertubular areas following the 
exudate formation, cellular infiltration, and development of the fibrous 
tissues. The cytology of the developing tubercles is not considered in 
the present communication. 
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THE TREATMENT OF INTESTINAL TUBERCULOSIS 
WITH CODLIVER OIL AND TOMATO JUICE 


M. McCONKEY! 


It is well known that artificial heliotherapy and codliver oil are equally 
effective in the treatment of rickets; in fact, they are practically inter- 
changeable as antirachitic remedies. Accordingly, when Blanchet (1) 
in 1921 and Brown, Sampson and Hayes in 1922 (2) demonstrated the 
value of artificial heliotherapy in intestinal tuberculosis, the possibility 
that codliver oil might prove equally useful must have occurred to 
many workers. 

This paper is a report of the results obtained in the treatment of 50 
cases of intestinal tuberculosis with codliver oil and tomato juice during 
the past three years at the Sanatorium (New York State Hospital). 

In our earlier cases the codliver oil was usually given alone. The 
patients objected to the unpleasant taste of the oil and many of them 
were more or less upset by it; we were unable to observe any improvement 
in their intestinal condition. At the same time, certain very sick pa- 
tients were given orange juice with their codliver oil in an effort to make 
the dose more palatable, and it was observed that these patients did 
better than those less seriously ill who were receiving the oil without 
the orange juice. Acting on this hint, we added orange juice to the 
codliver oil in our routine treatment, and later we substituted the cheaper 
but equally efficacious tomato juice for the orange juice. 

For purposes of comparison, 128 cases of intestinal tuberculosis com- 
plicating disease of the lungs were observed. Twenty-eight of these 
patients entered the hospital before the value of ultraviolet radiation was 
appreciated, and they received only palliative treatment with opium, 
hot-water bottles, etc., for their intestinal symptoms, in addition to the 
usual sanatorium routine for their pulmonary condition. The results 
of palliative treatment in this series of 28 cases may serve as a control 
in estimating the therapeutic value of heliotherapy and the oil and 
tomato-juice treatment. Fifty patients were given ultraviolet radiation 


1 New York State Hospital for Incipient Pulmonary Tuberculosis, Ray Brook, New York. 
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according to the generally accepted technique. Fifty similar cases 
received codliver oil and tomato juice by the method described in 
this paper. 

There was no outstanding difference in the severity of the intestinal 
symptoms or the general condition of the patients in the three groups 
at the time they entered the hospital. The pulmonary lesion was 
either in the moderately advanced or the advanced stage, evidence of 
cavitation was present in 90 per cent and tubercle bacilli were found 
in the sputum ot all but two patients. All were treated at Ray Brook 
for similar periods and received the same general care. The diagnosis 


EFFECT OF TREATMENT ON THE SYMPTOMS OF 
128 CASE S-RAWOGRAPIUC DIAGNOSIS INTESTINAL TUBERCULOSIS 
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of intestinal tuberculosis was determined solely by positive radiographic 
findings in gastrointestinal studies with the barium meal by the method 
described by Brown & Sampson in their book Intestinal Tuberculosis 
(Lea & Febiger, 1926). According to these authorities, ulceration of 
the caecum and ascending colon is indicated and, in the presence of 
pulmonary tuberculosis, tuberculous ulceration may be diagnosed with 
safety when the following are present: “general hypermotility with 
complete or nearly complete emptying of the colon in twenty-four hours; 
failure of the cecum or the ascending colon and hepatic flexure to retain 
the barium; or the presence of spasms or filling defect (irregular contour, 
lack of haustrations)” of this portion of the colon. 
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Chart 1 illustrates the effect of the various measures employed on the 
intestinal symptoms (anorexia, flatulence, abdominal distress, cramps, 
vomiting, diarrhoea, etc.). In 82 per cent of the palliative or control 
group the symptoms became progressively worse, while in only 24 per 
cent of the patients receiving artificial heliotherapy and in 8 per cent 
of those treated with codliver oil and tomato juice did the severity of 
the symptoms increase. Conversely, only 3.5 per cent of the palliative 
cases improved, while 60 per cent of the patients treated with the lamp 
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CHART 2 


and 68 per cent of those in the oil-treated group noted considerable 
amelioration or complete relief of intestinal symptoms. A small number 
in each group were free from intestinal symptoms during the period of 
observation, the diagnosis being made entirely by X-ray; thus 3.5 per 
cent of the control group, 6 per cent of the lamp patients and 14 per cent 
of the cases receiving codliver oil and tomato juice had no symptoms 
referable to the intestines. In addition, approximately 10 per cent of 
each group showed no change in their symptoms while under treatment. 
Chart 2 shows graphically the progressive gain in weight of the 50 
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patients with intestinal tuberculosis who were treated with the lamp 
and the other group of fifty who received codliver oil and tomato juice. 
Severe intestinal symptoms were almost invariably associated with a loss, 
whereas patients who were symptom-free usually gained weight or main- 
tained a satisfactory one. It will be noted that the gain was somewhat 
greater and began several weeks sooner in the patients receiving oil and 
tomato juice. This may be due in part to the more prompt recovery 
of the appetite usually experienced by the patients in the oil group. The 
retrograde progress of the patients in the untreated or control group 
made it undesirable to weigh them toward the end of their stay in the 
hospital; a composite chart of their loss in weight is therefore not avail- 
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able, but it would have presented a striking contrast to the ascending 
curve representing a weight gain by the other two groups. 

Chart 3 presents a summary of our follow-up gastrointestinal studies 
on patients who had been receiving either ultraviolet radiation or cod- 
liver oil and tomato juice over a period of several months. The numbers 
are small, but so far no gastrointestinal tract has been observed to be- 
come worse after treatment, and several grossly abnormal ones have 
become radiographically negative. It has been our custom to continue 
treatment for several months to a year after the tract becomes radio- 
graphically normal, or for a similar period after all intestinal symptoms 
have disappeared. 

Chart 4 shows the present status of those of our 128 patients whose 
condition is known. Twenty, or 71 per cent, of the untreated group are 
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known to be dead; four, or 14 per cent, are alive, and one of these is 
able to do part-time work; four of this group are untraced. Of the 50 
patients who received artificial heliotherapy 24 per cent are dead; 42 
per cent are alive, of whom 16 per cent are able to work; and 34 per cent 
are untraced. Ten per cent of the 50 patients treated with codliver oil 
and tomato juice are dead; 43, or 86 per cent, are alive, of whom 12 per 
cent are able to work; and 4 per cent are untraced. It is only fair to 
point out that the 28 untreated cases whose records we are using as a 
control were admitted to the hospital before the other groups, while the 
cases who received heliotherapy are of somewhat longer standing than 


THE PRESENT STATUS OF 128 PATIENTS WITH 
INTESTINAL TUBERCULOSIS 
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the codliver oil group; the mortality in the older groups would naturally 
be higher irrespective of treatment. 

In addition to the 128 patients who showed definite intestinal lesions 
on X-ray examination, we studied 59 other cases who presented question- 
able radiographic evidence of intestinal tuberculosis. By “questionable 
radiographic evidence” we mean that the filling defect or irregularity of 
the caecum and ascending colon was so slight that our radiologist, Dr. 
J. L. Wilson, was unwilling to commit himself to a definite diagnosis of 
intestinal tuberculosis, although feeling that the intestine could not be 
considered altogether normal. Of these 59 cases of questionable intes- 
tinal tuberculosis, 17 received symptomatic treatment only, 29 ultra- 
violet radiation, and 13 codliver oil and tomato juice. 
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Chart 5 shows the weight curve for each of these three groups and 
gives also a fair idea of their general progress. Seventeen patients who 
received only symptomatic treatment continued to lose weight; in six 
of them more pronounced intestinal symptoms developed, and a second 
barium study of a few months later showed definite evidence of intestinal 
disease. Under either ultraviolet radiation or the codliver oil and 
tomato-juice treatment, the patients gained steadily in weight, the 
intestinal symptoms usually disappeared promptly and completely, and 
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the gastrointestinal tract became normal by radiograph; in no treated 
case did the radiograph show an increase in intestinal disease. 

We feel that the prompt and vigorous treatment of these early or ques- 
tionable cases is an important prophylactic measure. Our experience 
indicates that it is only a short step in untreated cases from an early and 
curable lesion to a late and severe one. At Ray Brook all patients who 
present questionable intestinal lesions now receive the same treatment as 
those with definite intestinal disease. 

Certain substances have been used to treat very sick patients with 
intestinal tuberculosis who failed to respond to either ultraviolet radia- 
tion or codliver oil and tomato juice. Among these are Collip’s para- 


CHartT 5 


TREATMENT OF INTESTINAL TUBERCULOSIS 633 


thormone, ammonium chloride, and, more recently, irradiated ergosterol. 
We are unable at this time to make any definite statement as to the 
efficacy of these remedies. 

Dr. Benjamin Kramer very kindly sent us three antirachitic substances 
(irradiated cholesterol, codliver-oil concentrate and irradiated brewer’s 
yeast), prepared and tested by Dr. M. J. Shear in the laboratory of the 
Jewish Hospital in Brooklyn. We are greatly indebted to Dr. Kramer 
and Dr. Shear for their suggestions and friendly interest in our work, and 
for the privilege of experimenting with the products of their laboratory. 
Three patients who were given the irradiated cholesterol showed no im- 
provement after five to seven months, even when the cholesterol was 
supplemented with orange juice. Three patients received codliver-oil 
concentrate (the nonsaponifiable fraction); none of them improved until 
orange juice was added to the concentrate, when two of them began to 
make satisfactory progress. Two cases were treated with irradiated 
brewer’s yeast; their condition remained unchanged until orange juice 
was added to their regimen, when they began to improve. These 
laboratory products appear to possess no special advantages; they seem 
to be no more effective than ordinary codliver oil; they are no better 
tolerated ‘than the combination of codliver oil and tomato juice, and 
they are much more expensive. 


DISCUSSION 


It seems probable that the symptoms in intestinal tuberculosis are 
dependent in some way on the calcium metabolism. Thus, relief of 
intestinal symptoms is often almost immediate when calcium chloride is 
given intravenously (3), and the same relief occurs in a few days or weeks 
under ultraviolet radiation, or when the patient is being treated with 
antirachitic substances, such as codliver oil, together with orange or 
tomato juice. Of course, it is impossible that any appreciable change in 
the intestinal lesion can occur in so short a time; in fact, unhealed ulcers 
have been demonstrated at autopsy in patients, who, during life were 
entirely free from intestinal symptoms. It is possible that the treatment 
effects some change in the calcium metabolism, which brings about im- 
mediate relief of symptoms, and that the increased appetite and improved 
nutrition which follow the relief from intestinal symptoms allow the 
ulcers to heal. 
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The experimental work of Dr. David T. Smith and myself? lends weight 
to this theory. We found that it was necessary to have a deficiency of 
vitamine C in the diet before we could produce ulcerative intestinal 
tuberculosis in our experimental animals by feeding them tubercu- 
lous sputum. 


THE METHOD OF ADMINISTRATION 


The method of administration is simple, and few patients object 
seriously to the remedy when it is properly given, but attention to detail 
is important. 


SERVED ICE-COLD IMMEDIATELY 
AFTER EACH MEAL 


CHART 6 


Three ounces of tomato juice are placed in a glass about half the size 
of an ordinary tumbler. On the surface is floated one half-ounce (a large 
tablespoonful) of codliver oil. The whole is served ice-cold immediately 
after meals. ‘The patient should be told that slight gaseous eructations 
savoring of codliver oil may be experienced for the first week or so of 
treatment, but that they will not be noticeable afterward. 

Several biologically tested codliver oils have proved satisfactory. The 
tomato juice may be prepared by passing the contents of an ordinary can 
of tomatoes through a sieve, and several reliable firms market the strained 
juice in cans ready to serve. Either product is suitable, but will ferment 


2 Presented at the annual meeting of the National Tuberculosis Association, May, 1929. 
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even in the ice-box if kept longer than twenty-four to forty-eight hours 
after the can isopened. The juice of an average-sized orange is entirely 
satisfactory as a substitute for the three ounces of tomato juice in homes 
where fermentation cannot be avoided. 


CONCLUSIONS 


1. The addition of codliver oil and tomato juice to the ordinary hos- 
pital diet is adequate treatment for intestinal tuberculosis complicating 
pulmonary disease. 

2. The method is simple, inexpensive and without contraindications. 

3. It is at least as effective as artificial heliotherapy. 

4. It is useful in the after-care of radiated patients who would other- 
wise be unable to continue treatment at home. 

5. The method may prove a means of preventing intestinal tuberculo- 
sis in many cases. 

6. Patients with tubercle bacilli in their sputum who present either 
definite or questionable evidence of intestinal disease should be given 
adequate treatment before their lesion reaches a hopeless stage. 
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THE TREATMENT OF LARYNGEAL TUBERCULOSIS WITH 
TRICHLORACETIC ACID! 


BENJAMIN KATZ 


Trichloracetic acid for the treatment of diseases of the ear, nose and 
throat was introduced by Stanislaus v. Stein (1). A report of treatments 
in laryngeal tuberculosis with this acid was published by Okuneff (2) 
and by Sytschow, one of Stein’s assistants. An authorized German 
translation of Sytschow’s article was published in Zeztschrift fur Laryn- 
gologie in 1911 (3). 

Among European authors Bonain in 1922 (4) confirmed the good results 
with this acid in laryngeal tuberculosis. He is surprised that a treatment 
of such value is not in universal use. In his article he makes reference 
to Okuneff and Stein as the original authors of this method of treatment. 


TECHNIQUE OF THE METHOD 


The technique employed by Stein and Sytschow consisted of the introduction 
of one or two small crystals of the acid into the larynx on the end of a common 
metal laryngeal applicator, to which the acid simply adhered by fusion. Very 
often the crystals dropped from the applicator and burned the pharynx or the 
healthy parts of the larynx, producing undesirable irritation. Therefore, 
Sytschow points out the importance of placing the crystals exactly on the 
ulcers, stating that otherwise the results are not so favorable. 

As to the question of how deep trichloracetic acid penetrates the tissue, 
Genkin (5) found that an intact mucous membrane is penetrated from } to 
3 of its depth, with destruction of the epithelium of the membrane. If the 
epithelium is lost, due to ulceration, the penetration is deeper. 

Okuneff is using a saturated solution of this acid, which he introduces into 
the larynx on a small pledget of cotton attached to an ordinary laryngeal sound. 

Bonain employs the same technique as Okuneff. He calls attention to the 
fact that the liquid form of the acid is not so active as the crystal and insists 
also on the necessity of limiting the action of the acid to the diseased tissue. 

B. Davies (6) uses the ordinary seven-inch wooden applicator, boiled and 
moulded while hot, into the regular curve of a laryngeal applicator. He 
reports good results in his cases. 


1 Read at a joint meeting of The Trudeau Society of Los Angeles with the Medical Staff 
of the Jewish Consumptive Relief Sanatorium at Duarte, California, May 29, 1928. 
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During twenty years of personal experience with crystals of trichlor- 
acetic acid in laryngeal tuberculosis, since the time of his association 
with v. Stein in the Ear, Nose and Throat Department of Moscow 
Imperial University, the present author particularly noticed the necessity 
of an exact way of introduction of the crystals into the larynx and has 
worked out what he has found to be a safer method of application. 

The instrument constructed consists of a shallow spoon-shaped con- 
tainer with a sliding cover, which can be opened and closed. The whole 
tip of the instrument is movable within a sleeve, permitting contact of 
the tip with any spot of the larynx in the same way as Corde’s instru- 
ment. One or two crystals are introduced into the container and locked 
there. The larynx is anaesthetized with 10 per cent solution of cocaine 
and the closed instrument introduced into the larynx to the affected part 
and the container opened, allowing the acid to cover the affected area. 
Then the container‘is closed and withdrawn. By this technique the 
healthy tissue is spared from being burned by the acid. The patient 
can attend to his business, the treatments being repeated every fourth 
or fifth day. 


CLINICAL PROPERTIES 


Trichloracetic acid has a crystalline structure and melts very easily on 
exposure to the air. Upon application to the tissue a white slough is 
formed which comes off in one or two days. Dysphagia and oedematous 
swelling resulting from tuberculous ulceration can be stopped in a few 
treatments. In Sytschow’s series of 25 cases of his own and 11 personal 
cases of Stein the dysphagia disappeared in 15 cases after one treatment, 
in four after two, in two cases after three and in one after six treatments. 
The time when ulcerations start to clear up ranged in his series from two 
treatments in three cases up to ten treatments in one case. In two.cases 
there was no response to the treatments. Sytschow’s series show a 
94 per cent improvement. 


INDICATIONS FOR THIS METHOD 


The advantage of the trichloracetic acid in laryngeal tuberculosis is 
in its ease of application, checking the pain and oedema in a few treat- 
ments, absence of inflammatory reaction, and universally good results 
in cases which are not hopeless from a general point of view. Trichlor- 
acetic acid can be easily applied to those points of the larynx which 
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hardly can be reached by electrocautery. According to Spencer (7) it 
requires about twenty minutes to prepare a patient for electrocauteriza- 
tion, while he is ready for treatment with the acid in one or two minutes 
after two or three swabbings of the larynx with 10 per cent solution 
of cocaine. 

In pharyngeal and laryngeal tuberculosis of the ulcerative and oedema- 
tous type, trichloracetic acid has to be considered as a specific. Reports 
of some authors, for example Bonain, of healing tuberculosis of mucous 
membranes with one or a few treatments have to be accepted, however, 
as overenthusiastic. 

When tuberculomata are present in the larynx, they should be gradu- 
ally melted away by repeated electrocauterization, with subsequent 
applications of trichloracetic acid. 

It has to be stressed, however, that laryngeal tuberculosis is a process 
secondary to pulmonary tuberculosis, reflecting the primary disease in 
its manifestations. Therefore if the patient’s pulmonary tuberculosis 
is becoming progressively worse, the treatment of laryngeal tuberculosis 
is not very encouraging with any method, though pain can be relieved 
with trichloracetic acid even in hopeless cases. 

In favorable cases it requires from two to six months to arrest the 
disease, depending upon the individual involvement. In some cases 
with positive sputum relapses occur and treatments must be repeated. 


CONCLUSIONS 


In conclusion the following points should be emphasized regarding 
this method: 

1. The method has had a practical trial for about twenty years and 
none of the authors have had any untoward reaction from this acid. 

2. The technique is easy and time-saving. An exact method of 
application of the acid to the affected area plays a very important part 
in securing good results. 

3. Control of dysphagia and of oedema due to ulceration or ordinary 
oedema can be accomplished with a few treatments. 
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CALCIUM CHLORIDE IN THE PREVENTION OF PLEURAL 
EFFUSIONS IN ARTIFICIAL PNEUMOTHORAX 


LOUIS BOONSHAFT! 


Fishberg (1) states, “The most frequent and serious complication of 
artificial pneumothorax is pleural effusion in the course of treatment. 
Its frequency varies with the different reports by various authors. 
Some report as high as seventy per cent of cases, while others have met 
with it less frequently.” 

In my own work I encountered pleural effusions in about 47 per cent 
of cases. 

Various reasons are given for this complication in artificial pneumo- 
thorax. Some authors have stated that it is usually due to infection 
during the operation and maintain that when asepsis is rigidly carried 
out effusions are rare, which does not hold because effusions have been 
met with by the most careful of operators. 

Fagenoli (2) considers the nitrogen as a foreign body which irritates 
the serous surface of the pleura, predisposing it to disease, lowering re- 
sistance, and causing an inflammatory process. 

Klemperer (3) states that the disease processes which reach the surface 
of the lung and the visceral pleura cause adhesions in patients with nor- 
mally superimposed pleural sheets, but in pneumothorax with separated 
pleural sheets exudative inflammations are the result. Rupture of ad- 
hesions which laid bare tuberculous foci in the pleura may also be instru- 
mental in infecting the complete serous surface. 

Bullock and Twichell (4) consider these exudates a response to irrita- 
tion by the foreign body, the gas: ‘“When the mechanism of the pleura 
is in perfect working order as to secretion and absorption an excess of 
fluid is never found; but we certainly know that as pneumothorax is 
protracted, the absorption properties of the pleura become more and 
more impaired.” As long as effusion remains sterile and does not cause 
symptoms the patients do well, but as soon as the effusion becomes puru- 
lent then the conditions become grave in a great many of the cases. 


1 San Jose, California. | 
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Calcium therapy has been used in tuberculosis work for some years, 
particularly for intestinal tuberculosis and for pulmonary haemorrhage. 

It was while treating cases of pulmonary haemorrhage requiring arti- 
ficial pneumothorax with calcium chloride given intravenously that I 
discovered that cases given calcium chloride during the course of artificial- 
pneumothorax treatment did not develop pleural effusions. 

In the past year I have administered calcium chloride intravenously 
throughout the early part of the treatment of 15 cases, and have found 
only one case that developed a small amount of fluidin the pleura. I give 
5 cc. of a5 per cent solution of calcium chloride intravenously three times 
a week for a period of four or five weeks, and then reduce the number of 
injections to two a week for four or five weeks, and then to once a week 
for the same length of time. During all this time the patient is fre- 
quently examined by the fluoroscope to determine if fluid is forming in 
the pleura. 

Pottenger (5) in summing up the action of calcium in the treatment of 
allergic diseases says, ‘‘Calcium acts with and fortifies sympathetic activi- 
ties, it allays muscular hyperactivities and spasms and it decreases the 
permeability of cell membranes, thus reducing the tendency to 
exudation.” 

Chairi and Janaschkie (6) state that intravenous or subcutaneous in- 
jection of calcium chloride in animals partly or completely inhibits the 


pleural effusions produced by iodide administration, and that it also 


prevents the development of oedema and inflammation of the conjunc- 
tiva after the installation of brucine. On this basis it has been used in 
man to hasten the reabsorption of pleural effusions and exudates. 

Gonzalo (7) states that calcium chloride intravenously has been used 
with success in 7 cases of serous pleuritic effusion, and since there was 
complete reabsorption of the exudate he did not have to resort to pleural 
puncture. He used 1 or 2 cc. of a 10 per cent solution with four- or five- 
day interval between injections, and only three or four at the most were 
required to obtain results. The doses employed by him have never 
produced the slightest general reaction or phenomena of haemoclastic 
shock, experienced by those given larger doses. 

Gold (8) states that experiments carried out on cats show conclusively 
that the subcutaneous injection of calcium chloride, in doses that cause 
ho appreciable toxic symptoms in this animal, diminishes or prevents 
the formation of pleural exudates produced by the intrapleural injection 
of a solution of copper sulphate. 
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Warnecke (9) has for many years given calcium per os as a prophylactic 
for pleurisy in pneumothorax. 

Guth (10) prevents pleurisy with effusion in artificial pneumothorax by 
administration of 4 or 5 gm. of calcium per os daily. 

As the action of calcium is enhanced by digitalis, the patient is also 
given 15 drops of digalen three times daily. Guth was able by this 
means to reduce the incidence of exudates to 20 and 30 per cent. 

Oriani (11) analyzes 8 cases of pleurisy with effusion and two of 
polyserositis, in all but one of which calcium chloride proved promptly 
effectual. Diuresis was promoted and the effusion was resorbed. The 
effect was most striking when salt was omitted from the diet. The 
ages of the patients ranged from fifteen to forty-nine. From 15 gm.a 
day, at first, the dose was pushed to 30 gm. in four or five days, and the 
effusions had generally disappeared by the sixth day. 

Bolle (12) obtained excellent results from the treatment of tuberculous 
exudative pleurisy with calcium chloride and sodium salicylate. The 
usual dose of calcium chloride was at least 15 gm. per day, giving a tea- 
spoonful every two hours. The salicylate was administered in two daily 
enemas, each containing 2 gm. in 10 or 20 cc. of warm water. It may be 
given by mouth if the stomach is in good condition. Diet was restricted 
as to liquids and salt. Treatment was continued until complete dis- 
appearance of the pleural effusions, which required from sixteen to thirty- 
two days in the 8 cases reported. 

Lunde (13) treats patients suffering from pleural effusions by reducing 
the sodium salts in the food, and giving daily up to 4 teaspoonfuls of the 
following solution: calcium chloride 30 gm., potassium acetate 60 gm., 
and water 285 gm. 

Calcium chloride given intravenously does not produce any ill effects 
if given slowly and in not too concentrated solution. The patients 
usually have a sensation of warmth about the face and neck and some- 
times throughout the entire body. Great care must be exercised in 
giving calcium chloride intravenously, as tissue necrosis will occur if it 
gets outside the veins. 

All those interested in calcium therapy will appreciate the very com- 
prehensive article by Brougher in the Medical Sentinel of January, 1929. 


CONCLUSIONS 


1. Calcium chloride prevents pleural effusions in artificial pneumo- 
thorax in almost all cases. 
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2. It helps the absorption of pleural effusions, when present, and 
obviates repeated pleural punctures. 
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BRONCHIAL ASTHMA AND PULMONARY TUBERCULOSIS! 
JOSEPH HARKAVY anp SELIAN HEBALD 


The relationship between bronchial asthma and pulmonary tubercu- 
losis has been the subject of considerable controversy. Some investi- 
gators, for example Soca (1), contend that tuberculosis may be directly 
responsible for asthmatic attacks. Others ascribe a more indirect réle 
to tuberculosis and believe that the presence of fibrosis, diaphragmatic 
adhesions, thickened interlobar pleura, and hilum lymph nodes may have 
an important bearing on the attacks. In contrast to these views, other 
observers hold that an asthmatic rarely becomes tuberculous, and that 
any interrelationship between the two diseases is doubtful. Wallgren 
(2) states that it is not proved that tuberculosis induces an increased 
predisposition to bronchial asthma, and that the frequency of tuber- 
culosis in asthmatic children is greatly overestimated. 

Although asthma and bronchial lymph-node tuberculosis rarely occur 
coincidentally, one is not justified in assuming that an antagonism exists 
between them. Yet Fishberg (3) states that when an asthmatic becomes 
tuberculous, which occurs infrequently, the paroxysmal attacks of 
dyspnoea disappear or are ameliorated. He also believes that the 
pseudoasthmatic attacks, which occur in phthisis, are usually due to 
pulmonary fibrosis and cardiac dilatation. 

Malone (4) likewise contends that the possibility of pulmonary tuber- 
culosis being of asthmatogenic importance is open to question, and that 
anaphylaxis resulting from the protein of the tubercle bacillus is not an 
established fact. 

The common tendency of assuming that demonstrable organic disease 
processes must be directly responsible factors in an asthmatic crisis 
undoubtedly accounts for much confusion. Bezancon and deJong (5) 
struck an important note in their paper on asthma and pulmonary 
sclerosis, when they concluded that, while the fundamental disease of 
these patients is pulmonary sclerosis on a tuberculous background, the 
determining factor is the individual “‘especially alive to nervous reactions, 


1 From the Outpatient Department of the Mount Sinai Hospital, New York City. 
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to certain irritations exogenous or endogenous, who becomes subject 
to paroxysmal respiratory crises called asthma.” They emphasize the 
need for a consideration of the constitutional factors as well as the 
organic pathological processes underlying the asthmatic syndrome. 

This divergence of opinion as to the réle that tuberculosis plays in the 
asthmatic paroxysm led us to investigate the question, from the following 
angles: 


1: What réle does true hypersensitiveness to foreign proteins play in the 
causation of asthmatic symptoms in tuberculosis patients. 

2: What part does nonspecific infection play in the induction of asthmatic 
attacks. 


In examining the protocols of 400 cases of bronchial asthma 40 cases 
were found to have clinical and X-ray evidence of pulmonary tuber- 
culosis. All of these were ambulatory, and only eighteen of the forty 
attended the clinic with sufficient regularity to be studied. Of the 
eighteen, seventeen showed chronic fibrotic tuberculosis with cavitation. 
The sputum of only three was positive for tubercle bacilli at some time 
before coming to the asthma clinic. Of these 18 cases, nine proved to be 
insensitive (see table 1) and nine were found to give evidence of protein 
hypersensitiveness by means of skin tests (see table 2). 

The fact that allergic patients may show evidences of multiple sensi- 
tization on testing adds to the difficulty of establishing definitely the 
relationship between the incriminating protein and the other reacting 
substances. We therefore employed the method of passive transfer of 
Prausnitz and Kustner? (6) in order to ascertain the existence of true 
allergy in tuberculosis patients by demonstrating the presence of atopic 
reagins in their sera, and to determine whether the tuberculosis in these 
patients is merely an associated disease implanted in an individual who 
is constitutionally allergic. 

For this investigation only six of the 9 sensitive asthmatics were 
available. 


TECHNIQUE 


Twenty-five cubic centimetres of blood was drawn from the right arm- 
vein, and the serum separated and put through a Berkefeld filter. Three 


* Prausnitz and Kustner showed that the sera of allergic individuals contain specific im- 
mune bodies which can be passively transferred to normal individuals. These bodies are 
called “‘atopic reagins” by Coca (7). 
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648 JOSEPH HARKAVY AND SELIAN HEBALD 
TABLE 3 
SENSITIZING SERUM TESTING EXTRACT 
3 3 
: 
706 Tuberculous infiltra- | Goat hair £25 0.1] 0.1 goat hair 0.05] Mod erate 
tion, both lungs. | Goat hair Whole serum /0.1) 0.1 goat hair 0.05) Magi ked 
Right side from | Dust 1:5 0.1 0.5 dust 0.05 i 
apex to 6th rib. | Dust Whole serum /0.1/ 0.5 dust 0.05 
Left to 7th rib Horse dander 1:5 0.1} 0.001 horse dander (0.05 
Horse dander Whole serum |0.1) 0.001 horse dander 0.05 
Dog hair 1:8 0.1) 0.001 dog hair 0.05 
Dog hair Whole serum /0.1) 0.001 dog hair 0.05 
416 Bilateral tuberculosis, | Goose feathers | 1:5 0.1) 0.1 goose feathers [0.05 
stage III Goose feathers | Whole serum |0.1] 0.1 goose feathers 0.05 
Rabbit hair i:$ 0.1 rabbit hair 0.05 
Rabbit hair Whole serum /0.1 rabbit hair 0.05) ¥ 
514 Bilateral tuberculosis, | Dust 1:3 0.1) 0.5 dust 0.05 
both apices; fibrosis | Dust Whole serum /0.1] 0.5 dust 0.05 
and marked calci- | Mixed feathers | 1:5 0.1) 0.1 mixed feathers 0.05 
fication Mixed feathers | Whole serum |0.1/ 0.1 mixed feathers 0.05) I 
26] F.S. | Tuberculous infiltra- | Dust 1:5 0.1) 0.5 dust 0.05 
tion, both upper | Dust Whole serum /0.1/ 0.5 dust 0.05) ¥ 
lobes Tobacco i$ 0.1] 0.1 tobacco 0.05, 
Tobacco Whole serum /0.1] 0.1 tobacco 0.05} Si 
445 Chronic tuberculosis, | Goose feathers | 1:5 0.1] 0.1 goose feathers 0.05 | 
right upper lobe. | Goose feathers | Whole serum |0.1/0.1 goose feathers {0.05} } 
7 Scattered infiltra- | Rabbit hair 1:5 0.1) 0.001 rabbit hair 0.05 
tions left apex. | Rabbit hair Whole serum |0.1] 0.001 rabbit hair 0.05 
Two-inch cavity 
right apex. Trachea 
drawn to right 
677 Pulmonary tuberculo- | Ragweed 1:5 0.1] 0.1 ragweed 0.05) Ne 
sis: limited to the | Ragweed Whole serum /0.1/'0.1 ragweed 0.05} i 
region of the right 
upper lobe. There 
is evidence of con- 
Siderable fibrosis. 
The trachea shows 
displacement to the 
right. The left 
leaf of the dia- 
phragm shows ad- 
hesions 
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RESULTS OF INTRACUTANEOUS TESTS 


| 


4 
i Wheal Erythema Subject II Wheal athe 
05 9 mm. x 9 mm. 3cm. x3 cm. Moderate 7 mm. x 8 mm. 4cm. x3 cm. 
05) 1cm. x 7mm. 4 cm. x 3$ cm. Moderate 9 mm. x 4mm. 3cm. x 4cm. 
05 Negative 

05 Negative 

05 Negative 

05) N Negative 

05 Negative 

05 Negative 

05 Moderate 6:mm. x 6 mm. 2 cm. x 3 cm. 
05 6 mm. x 6 mm. 2 cm. x 3 cm. Moderate 5 mm. x 7 mm. 2 cm. x 3 cm. 
05 Negative 

05 Negative 

05 9mm. x 8 mm. 2 cm. x 3 cm. Mild 8 mm. x 7 mm. 2cm. x 2.5 cm. 
05 1.5cm. x1cm. 5 cm. x 5 cm. Marked 1.5cm. x1 cm. 5 cm. x 5 cm. 
05 6 mm. x 6 mm. 3 cm. x 4cm. Marked 7 mm. x 8 mm. 3 cm. x 3.5 cm. 
05} } 8 mm. x 9 mm. 5 cm. x 4.5 cm Marked 9 mm. x 8 mm. 5 cm. x 4cm. 
05 9 mm. x 7 mm. 2 cm. x 3 cm. Moderate 8 mm. x7 mm. 2.5cm. x 3 cm. 
05} x1cm. 2.5 cm. x 3.5 cm Marked lcm. xicm. 3.5 cm. x 4.5 cm. 
05 Negative 

05} Sig 6 mm. x 6 mm. 2 cm. x 1 cm. Slight 5.5 mm. x 5 mm. 2 cm. x 1.5 cm. 
05} } Moderate 5 mm. x 4mm. 3 cm. x 2 cm. 
05} } icm. x1.2 cm. 4 cm. x 4cm. Marked 1cm. x1icm. 4cm.x3.5 cm. 
05 

05 

05} } Negative 

05) i 6 mm. x 9 mm. 3 cm. x 4cm. Negative 
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cubic centimetres of serum from each case was injected into the peri- 
toneum of each of two control guinea pigs for the purpose of assuring its 
sterility before passive transfer was done on normal people. None of 
the guinea pigs contracted tuberculosis although observed for two 
months. 

Preliminary tests were made in normal individuals with the protein 
extracts to which the patients under investigation were sensitive, in 
order to rule out spontaneous reactions to these proteins. These normals 
were then injected in the outer aspect of the upper arm with 0.1 cc. of the 
asthmatic patient’s serum, in various sites two inches apart. Twenty- 
four hours later these sites were reinjected with the specific proteins to 
which the patient whose serum was employed was sensitive. The results 
are recorded in table 3. 

Five normal controls were also injected with the serum of nonsensitive 
asthmatics, and twenty-four hours later these sites were reinjected with 
the same proteins employed in the above-described passive-transfer 
experiments in which serum of sensitive asthmatics was employed. 
All of these proved to be negative. 

It is obvious from our findings (table 3) that, although the patients 
gave multiple skin reactions, reagins to only one or two proteins were 
found on passive transfer. 

Thus P. C. (706), who showed skin sensitiveness to goat a dust, 
horse dander and dog hair, had reagins to goat hair only. 

D. R. (416), who was sensitive to goose feathers and rabbit hair, had 
atopic reagins to goose feathers alone. 

J. R. (514), reacting to dust and mixed feathers, showed reagins to 
both. 

F. S. (26), reacting to dust and tobacco, had marked reagins to dust 
and slight reagins to tobacco. 

I.S. (445), reacting to goose feathers and rabbit hair, presented reagins 
to goose feathers only. 

M. R. (677), gave evidence of reagins in her blood only with concen- 
trated dilutions of ragweed. This patient gave an intracutaneous skin 
test to ragweed with 0.01 and 0.1 cc. only. 


PROTOCOLS 


Of the 9 nonsensitive cases (table 1), six presented chronic sinus disease, 
involving the antra and ethmoids, and three nonspecific pulmonary 
infections limited to the lower lobes, such as chtonic bronchiectasis and 
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chronic pneumonic involvement. Such pathological processes corre- 
spond to the changes found in 136 of our nonsensitive asthmatics, whose 
X-ray photographs showed no evidence of pulmonary tuberculosis other 
than that which is seen in the so called normal chest. The relationship 
between the asthmatic attacks of these patients and the pathological 
lesions may be explained in several ways. In the first place the par- 
oxysmal attacks of asthma occur in individuals with an imbalance of the 
vegetative nervous system. This constitutional peculiarity may be 
further exaggerated and stimulated by toxins or histamine-like sub- 
stances elaborated by bacteria present in the respiratory tract as shown 
in the work of Koessler, e¢ al., which directly or indirectly may induce 
bronchial spasm. Coca designates this condition as due to hypersen- 
sitiveness to infection. Whether a true bacterial allergy exists in such 
cases is still a debatable question. Hypersensitiveness to autogenous 
bacteria recovered from the bronchial secretions has not been un- 
equivocably demonstrated in the human body. 


COURSE AND PROGNOSIS 


Following the removal of the offending protein the clinical course of 
the sensitive asthmatics has been satisfactory so far as their asthmatic 
seizures were concerned. The progress of the nonsensitive asthmatics 
has been less favorable. Six of the cases with sinus disease have had 
recurrent attacks during the winter. In spite of operative procedure on 
their sinuses these patients have had residual ‘foci, which it seems im- 
possible to eradicate completely. In some of the cases chronic secondary 
foci have developed in the bronchi, as evidenced by recurrent bronchitis 
initiated primarily by the chronic sinus disease. ‘These cases are difficult 
to control except for short intervals. Vaccines in our hands have been 
of doubtful value. On the other hand change of climate has been of 
great help. 


CONCLUSION 


A survey of the material presented brings out the following salient 
features. Of 400 cases of bronchial asthma, forty, or 10 per cent, had 
clinical and X-ray evidence of pulmonary tuberculosis. All were am- 
bulatory patients. Of this number 18 cases were observed in the clinic 
for a period of three to four years. Nine were sensitive asthmatics who 


* The X-ray photographs in our laboratory are reported as negative unless frank pulmonary 
lesions are evident. Healed primary lesions are not reported. 
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reacted to foreign proteins of the inhalant group. Six of these were 
studied by means of passive-transfer experiments, and were found to 
have reagins in their sera for some of the proteins to which they were 
susceptible. All in the protein-sensitive group were freed of asthmatic 
attacks by removal of the offending proteins. The conclusion therefore 
seems reasonably justified that foreign proteins of the inhalant group 
and not the tubercle bacillus were responsible for the asthma in this 
group. 

Nine sensitive cases gave evidence of having foci of infection, six 
having chronic sinusitis, two bronchiectasis, and one a chronic focus of 
organized pneumonia. The asthma in this group is therefore to be 
ascribed to the complicating respiratory infection and not to the tubercle 
bacillus. This group of patients has done very well during the summer 
months. In this regard they behave exactly as do the asthmatic bron- 
chitis cases who are free from pulmonary tuberculosis. In the winter 
they are subject to recurrent “colds,” to which, in spite of their sinus 
operations, they are not completely immune. These new colds re-light 
their chronic foci and continue to initiate fresh asthmatic attacks. In 
our hands operative procedure in the presence of chronic hyperplastic . 
sinusitis has been of no value whatsoever. Only cases with frank pus 
in their sinuses have derived any benefit from operative interference. 
Climatic change has been of the greatest value. 
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FOCAL INFECTIONS AMONG THE TUBERCULOUS SIM- 
ULATING TUBERCULOUS DISEASE! 


JAMES CLUTE BRYANT? 


Among the tuberculous the clinical manifestations of oral infections, 
whether confined to the mouth, or after metastasis to other organs, are 
not easily distinguished from the clinical manifestations of tuberculosis. 
The toxic symptoms of oral infections are so similar to those of tubercu- 
losis that they are frequently confused and often interpreted as due to 
tuberculosis. 

The symptoms of chronic arthritis of periapical origin are in their 
later stages also similar to those of an early tuberculosis of the joints. 
The radiological differentiation between chronic arthritis in its later 
stages due to periapical infection, and to early tuberculosis of the joint, 
especially if there is bone destruction or malformation, is often difficult 
and sometimes impossible. 

Chronic infections of the oral cavity are now being recognized as the 
causative factor of many otherwise veiled and obscure ailments. The 
study of cases of chorea, arthritis, cellulitis, pyelitis, cystitis, subacute 
bacterial endocarditis, and numerous other conditions should be taken 
up by both physician and dentist. It is the occasion for diagnostic team- 
work. 

The present advance in certain branches of medical knowledge is due 
in no small part to the studies the dental profession has made on the 
subject of oral infection. Many hospitals, sanatoria and clinics are 
realizing the necessity of a dental consultant who understands the diag- 
nosis of oral foci and their subsequent removal or treatment as well as 
the symptoms of infection in general. The fact that the majority of 
class A dental colleges of the United States require, among other things, 
that their graduates shall have a hospital interneship is certainly to be 
commended and is most encouraging and significant. 

We know now that the toxicity of pregnancy is quite often complicated 
by oral infection. We have records of many instances in which the skin 


1Read at the Mississippi Valley Conference on Tuberculosis at Grand Rapids, Michigan, 
September 18-20, 1929. 
? Dental Department, Glen Lake Sanatorium, Oak Terrace, Minnesota. 
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infection of a newborn infant or the breast abscess of a nursing mother 
are both due to infected teeth in the mother. We also have cases of 
iritis which clear up with the removal of a single insignificant focus of 
infection. 

Since the cases reviewed for the most part have been those of arthritis 
of the bones and joints, it would be apropos to quote Tice on nontuber- 
culous infectious arthritis: 


This type of arthritis is due to bacteria or their toxic products. It is a systemic 
toxemia with joint infection. There may be almost no constitutional symp- 
toms. Disease of the ear, throat, teeth, eyes, heart, glands, abdominal organs, 
intestines, pelvic organs, prostate, seminal vesicles, respiratory system and 
epidemic infections may cause the condition. Usually, but not always, the 
onset is sudden. The joint involvement may follow in a few days or some- 
what later. The condition is usually polyarticular, the original joint may 
clear up early in the disease. 

Symptomatology: There is swelling, pain, limitation of motion, loss of func- 
tion, and spasm followed by deformity. Often there is glandular and splenic 
enlargement. Secondary anemia, slight temperature, fast pulse, loss of flesh 
and loss of sleep are noted. 


In considering the removal of infectious foci in the effort to effect a 
recovery, the type of arthritis and its duration must be properly diag- 
nosed. The removal of infection is indicated, primarily in proliferative 
types of arthritis. There is a question as to the results obtained by 
removal of oral infections in degenerative arthritis as this occurs late in 
life and is associated with other degenerative and metabolic changes 
which are unrelated to infection. In the proliferative type of arthritis it 
is considered possible to effect a cure the first year the symptoms are 
noted, if the true focus can be found and recognized. When an arthritic 
condition runs a longer course, there is considerable disturbance of joint 
contour, and the focal removal leaves the diseased process itself un- 
changed. 

The cases reviewed for the most part gave a previous history of trauma, 
the injury being slight or severe. Most ordinary cases of arthritis have 
a marked exacerbation of symptoms in damp weather. In the majority 
of cases of infectious arthritis an oral focus is present either in the teeth, 
in their investing tissues or in the tonsils. One or all three may show 
varying degrees of pathological change. It might be well to mention 
at this time that pain is not, unfortunately, a symptom of chronic dental 
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infection. If the resistance is low, there may be soreness or tenderness 
under pressure, around the roots of the devitalized teeth. 

Infectious arthritis is generally conceded to be bacterial in origin, 
and seldom, if ever, is classed with upsets in metabolism. The cases 
under the writer’s observation seem to bear out the general contention. 
The onset of chronic joint infection is sometimes insidious. Forewarn- 
ings in the form of slight joint pains are given monthsin advance. When 
there is, accompanying other arthritic symptoms, a loss of weight with 
general malaise, and perhaps a cough, or chest pains following a persistent 
cold, the spine condition is diagnosed as an early stage of Pott’s disease. 

If a few old healed tubercles are found in the lungs, the spine or other 
joint condition is regarded with the utmost suspicion, and properly so. 
It is better to err on the side of safety than to be mistaken and sorry 
later. Prolonged treatment strictly in bed in some hospital or sanato- 
rium is ‘obviously indicated for such doubtful cases. A joint may be 
tuberculous without finding either a new or old focus in the chest. Any 
organ in the body may become infected with tuberculosis. 

It should be kept constantly in mind that when a joint is once injured 
through disease, its function may be slightly impaired, or fixation or 
ankylosis and a subsequent crippling for life may result. 

Suspected arthritic conditions occur regularly in tuberculous patients, 
and their treatment is attempted early in order to rule out a complicating 
tuberculous joint condition. In urgent cases treatment is started and 
foci are looked for. When a pathological oral condition is found, we 
usually treat the periclasic condition immediately. The carious condi- 
tion is then remedied, and the devitalized teeth, even though showing 
little apical infection on X-ray examination, are removed. The devital- 
ized teeth exhibiting little rarefaction at the root-tip have been found 
to most often harbor a decidedly virulent strain of streptococci. 

Clearing up the known existing focal infections does not always im- 
mediately relieve the patient’s joint symptoms. There is no doubt 
considerable interosseous infiltration of bacteria in many cases, with a 
variable amount of bone or tissue destruction. Removing the recognized 
foci merely shuts off a part of the supply. There is always a residue of 
bacteria and bacterial debris remaining after an extraction in the alveolus 
or tooth-socket and despite the most painstaking curettage. A too ex- 
tensive curettage may tend to aggravate joint symptoms, and, when 
there are joint symptoms, the same care must be taken in the removal of 
periclasic and peridontic conditions as is done in suspected heart lesions. 
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toms. Disease of the ear, throat, teeth, eyes, heart, glands, abdominal organs, 
intestines, pelvic organs, prostate, seminal vesicles, respiratory system and 
epidemic infections may cause the condition. Usually, but not always, the 
onset is sudden. The joint involvement may follow in a few days or some- 
what later. The condition is usually polyarticular, the original joint may 
clear up early in the disease. 

Symptomatology: There is swelling, pain, limitation of motion, loss of func- 
tion, and spasm followed by deformity. Often there is glandular and splenic 
enlargement. Secondary anemia, slight temperature, fast pulse, loss of flesh 


and loss of sleep are noted. 


In considering the removal of infectious foci in the effort to effect a 
recovery, the type of arthritis and its duration must be properly diag- 
nosed. The removal of infection is indicated, primarily in proliferative 
types of arthritis. There is a question as to the results obtained by 
removal of oral infections in degenerative arthritis as this occurs late in 
life and is associated with other degenerative and metabolic changes 
which are unrelated to infection. In the proliferative type of arthritis it 
is considered possible to effect a cure the first year the symptoms are 
noted, if the true focus can be found and recognized. When an arthritic 
condition runs a longer course, there is considerable disturbance of joint 
contour, and the focal removal leaves the diseased process itself un- 
changed. 

The cases reviewed for the most part gave a previous history of trauma, 
the injury being slight or severe. Most ordinary cases of arthritis have 
a marked exacerbation of symptoms in damp weather. In the majority 
of cases of infectious arthritis an oral focus is present either in the teeth, 
in their investing tissues or in the tonsils. One or all three may show 
varying degrees of pathological change. It might be well to mention 
at this time that pain is not, unfortunately, a symptom of chronic dental 
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infection. If the resistance is low, there may be soreness or tenderness 
under pressure, around the roots of the devitalized teeth. 

Infectious arthritis is generally conceded to be bacterial in origin, 
and seldom, if ever, is classed with upsets in metabolism. The cases 
under the writer’s observation seem to bear out the general contention. 
The onset of chronic joint infection is sometimes insidious. Forewarn- 
ings in the form of slight joint pains are given months in advance. When 
there is, accompanying other arthritic symptoms, a loss of weight with 
general malaise, and perhaps a cough, or chest pains following a persistent 
cold, the spine condition is diagnosed as an early stage of Pott’s disease. 

If a few old healed tubercles are found in the lungs, the spine or other 
joint condition is regarded with the utmost suspicion, and properly so. 
It is better to err on the side of safety than to be mistaken and sorry 
later. Prolonged treatment strictly in bed in some hospital or sanato- 
rium is obviously indicated for such doubtful cases. A joint may be 
tuberculous without finding either a new or old focus in the chest. Any 
organ in the body may become infected with tuberculosis. 

It should be kept constantly in mind that when a joint is once injured 
through disease, its function may be slightly impaired, or fixation or 
ankylosis and a subsequent crippling for life may result. 

Suspected arthritic conditions occur regularly in tuberculous patients, 
and their treatment is attempted early in order to rule out a complicating 
tuberculous joint condition. In urgent cases treatment is started and 
foci are looked for. When a pathological oral condition is found, we 
usually treat the periclasic condition immediately. The carious condi- 
tion is then remedied, and the devitalized teeth, even though showing 
little apical infection on X-ray examination, are removed. The devital- 
ized teeth exhibiting little rarefaction at the root-tip have been found 
to most often harbor a decidedly virulent strain of streptococci. 

Clearing up the known existing focal infections does not always im- 
mediately relieve the patient’s joint symptoms. There is no doubt 
considerable interosseous infiltration of bacteria in many cases, with a 
variable amount of bone or tissue destruction. Removing the recognized 
foci merely shuts off a part of the supply. There is always a residue of 
bacteria and bacterial debris remaining after an extraction in the alveolus 
or tooth-socket and despite the most painstaking curettage. A too ex- 
tensive curettage may tend to aggravate joint symptoms, and, when 
there are joint symptoms, the same care must be taken in the removal of 
periclasic and peridontic conditions as is done in suspected heart lesions. 
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Absolute rest, permitting uninterrupted phagocytosis, is necessary to 
clear up these two known areas of infection. As the joint trouble is 
metastatic in origin, other joints or organs of the body may be likewise 
infected by the unwarranted surcharging of the blood- and lymph-streams 
with liberated bacteria. 

Recovery may be slow, requiring weeks or months. The removal of a 
true focus of infection sometimes makes the arthritis worse for a time by 
the liberation of harmful toxins into the circulation. An unabatement of 
symptoms may be caused by an unrecognized necrotic area in the maxilla 
or mandible. Rechecks with full mouth X-rays are then in order. 
Even though the root-sockets are carefully curetted, necrotic material is 
sometimes left which is not absorbed. 

Many dentists, because of the lack of medical training or contact, do 
not appreciate the relation of oral infection to systemic disease, and 
consequently many teeth are saved which would otherwise unquestion- 
ably be condemned. Devitalized teeth have the inconsiderate faculty of 
flaring up at times when the resistance is lowered from some cause or 
other. Every dentist has experienced periods when he has performed 
more than the usual number of extractions which are most frequently of 
old devitalized teeth. Those wholesale extractions occurred as the fore- 
runner or aftermath of epidemics such as influenza. These devitalized 
teeth stand over us not as sentinels protecting us from harm, but as 
little devils of destruction. To use the popular jargon of the day with 
apologies, they are more than ready and willing to take a crack at us. 

Innumerable teeth become devitalized under old fillings without caus- 
ing their host any particular inconvenience. These dead and putrescent 
pulps are wonderful culture media for the propagation of millions of 
billions of bacteria. ‘The number of cases are legion in which the dental 
practitioners find it necessary to extirpate the pulp and to subsequently 
treat and fill the pulp-chamber. No matter who the oral surgeon is, or 
how careful he is, a 100 per cent perfect root-canal operation is impossible 
in multirooted teeth. The carved or tortuous nature of the root canals 
and their variable diameters makes it impossible to collect all the pulp 
tissue with the barbed brooches. A small amount of dead tissue is always 
left at the root tip, or is pushed beyond into the alveolar process where it 
acts as a culture medium for the bacteria already in it or attracted to it 
from the blood-stream. Even if the pulp could all be removed, we would 
have the difficult task of filling the root-canal. And what patient can 
afford frequent X-ray pictures to check up the work? To fill the canals 
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of multirooted teeth properly would require a fee commensurate with a 
tonsil-operation fee. 

When a root-canal operation is performed, periodical roentgenographs 
should be taken every year, keeping in mind that even a barely distin- 
guishable rarefaction at the root-tip is just as important from a systemic 
standpoint as a larger one, easily recognized in the radiograph by the 
patient himself. It is not the number of bacteria we are concerned with, 
but their kind and virulence. Who can say whether or not that this or 
that infection is of haematogenous origin? The devitalized tooth with 
its parasitic bacteria and their toxins may be the primary focus or it 
may be the complicating aggravator that stimulates and brings the in- 
fection to a head. 

Unfortunately, the dental profession has been called upon in numerous 
cases to eradicate oral foci, and no relief has been forthcoming. If the 
diagnosis of the physician was correct, there was no doubt a delayed 
elimination of the infection. Removing foci does not restore destroyed 
tissue or bone, or repair heart valves. We cannot absorb hypertrophic 
arthritic excrescences on lumbar vertebrae by tooth extraction. In the 
cases in which there has been no improvement the infection was not com- 


pletely eliminated or checked too late, or some other causative factor has 
been overlooked. ‘There are other focal points to be considered and 


radical tooth extraction is not a panacea. 


Cases 


R. W., no. 2666, male, single, 20 years of age, no family history of tuberculosis. 

Past History: Chickenpox, measles, influenza, sinus operations 1925 and 
1926. 

Patient was admitted to Glen Lake Sanatorium August 17, 1926, with a 
diagnosis of a tuberculous right sacroiliac joint. X-ray showed extensive 
tuberculosis of the right sacroiliac joint and a few old fibroid deposits, left 
apex, probably of no clinical significance. There was'no evidence of pulmo- 
nary tuberculosis by physical examination. Sputum negative. The patient 
was put in traction and general sun and alpine-lamp treatments given. 

July 11, 1927, patient complained of pain in right shoulder. This was 
thought to be due to a focal infection. Two teeth were removed, a badly ab- 
scessed one on October 22, 1926, and another on July 12, 1927. 

Patient left against advice, an improved case, on March 1, 1928. His 


length of stay was 563 days. 
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W. L., no. 3178, male, married, 35 years of age. Family history negative for 
tuberculosis. 

Past History: Appendicectomy 1912, measles 1898, mumps 1902, swelling on 
right side of neck operated on in 1898 (scars present), quinsy November, 1925, 
lanced. 

Patient admitted to Glen Lake Sanatorium, October 18, 1927, as a case of 
Pott’s disease, but physical examination and X-ray of spine were negative for 
tuberculosis. 

Diagnosis: Arthritis of third and fourth thoracic vertebrae. There were 
abscessed teeth, pyorrhoea, dental caries and infected tonsils. A tonsillec- 
tomy was done on December 2, 1927. This was followed by rather profuse 
bleeding. The patient was kept strictly in bed for one month following ton- 
sillectomy. Heliotherapy was included in the treatment. 

Twenty-six teeth were extracted because of pyorrhoea and apical infection, 
beginning December 1, 1927, and ending May 10, 1928. 

Diagnostic tuberculin was given, and patient had positive reaction, but 
chest and spine plates following this showed no evidence of disease. 

Patient was worked up on exercise and discharged as having no clinical 
tuberculosis on September 10, 1928, after a stay of 298 days. 


SUMMARY 


This paper is a brief account of a few cases which entered Glen Lake 
Sanatorium, suffering different types of tuberculosis, and in which the 
removal of oral foci has been followed by beneficial results. Of the 3,127 
cases examined in the last eight years, practically all have required dental 
attention. Oral foci numbering from one to all of the teeth have been 
removed in some 80 per cent of the cases examined. The cases reviewed 
have for the most part suffered from arthritis not complicated by tuber- 
culosis. (They have been hypertrophic in form and infectious in type.) 

The devitalization of teeth for any cause whatever is heartily protested 
and condemned. It should at the most only be regarded as an emergency 
measure. Early prophylactic care would mean much in the prevention 
of future trouble, and if more stress is laid on prevention extraction will 
not be necessary. 

The prolonged retention of devitalized teeth is regarded as the direct 
or contributory aetiological factor and primary focus in an untold num- 
ber of ills. Modern bridgework and denture construction render void 
any possible excuse for the further retention of dead teeth. 


THE INFLUENCE OF POSTURAL CHANGES ON RALES! 


J. E. K. FLANNAGAN 


The rale, especially the moderately coarse rale in the upper third of 
the chest, is the most important criterion for the diagnosis of pulmonary 
tuberculosis, from the standpoint of the physician who has not easy 
access to the X-ray or laboratory. In a study of 1000 consecutive cases 
admitted to Trudeau Sanatorium, Heise and Brown (1) found that 89.5 
per cent of those with rales and 98 per cent of those with moderately 
coarse rales had a definite parenchymatous X-ray lesion. Eight hundred 
and fifteen of the 1000 cases were diagnosed as positively tuberculous. 
In evaluating these figures allowance must be made for the fact that all 
of these patients had been sent to a tuberculosis sanatorium and the 
incidence of nontuberculous pulmonary lesions with rales was probably 
smaller than in the general run of cases. Of the 815 positive cases 
moderately coarse or coarse rales had been demonstrated in 74.6 per cent. 
In a later study Heise (2) found that 41 per cent of 351 minimal cases, 
75 per cent of 1299 moderately advanced cases and 89 per cent of 227 
far-advanced cases had rales. It is interesting to note that of the 232 
minimal cases entering Trudeau between 1915 and 1921 49 per cent had 
rales and of the 199 cases admitted between 1921 and 1925 rales were 
demonstrated in only 29 per cent. Bray (3), by very careful technique, 
demonstrated rales in 82.73 per cent of 139 cases of incipient tubercu- 
losis in 1916. 

The more general use of the X-ray and a wider knowledge of the inter- 
pretation of the shadows revealed have not lessened the value of the rale 
in diagnosis, but have enabled us to diagnose many cases not showing 
rales or other evidence of pulmonary disease on physical examination. 
However, outside of institutional practice and the practice of specialists 
in the diseases of the chest, the aid of the roentgenologist is usually 
solicited only for confirmation of the physical examination and rarely in 
doubtful cases when physical signs are absent but symptoms suggest 
tuberculosis. On the other hand there seems to be a growing tendency 


1From the Trudeau Sanatorium, Trudeau, New York. 
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among physicians to whom the X-ray is readily available to discount the 
value of the physical examination of the chest and to do it only per- 
functorily, relying on the X-ray as the final word. Any variation in the 
technique of the physical examination that would enable us to more 
positively diagnose tuberculosis by this means would be welcome, and 
it was with this in mind that the following experiment was undertaken. 

Although considerable study has been made on the influence of posture 
on the movements of the diaphragm and thorax and the application of 
the principles involved applied to the treatment of pulmonary tubercu- 
losis, scant mention of these principles having been used in diagnosis 
with regard to eliciting rales can be found in the literature. Upham (4) 
in 1904 said that he had “frequently with great success tried to verify 
the presence of rales by making the patient lie on the affected side with 
the arm drawn downward and forward.” Ransom (5), the following 
year, reported 3 cases in which physical signs, including rales, were 
indefinite or absent when the patient was examined in the upright posi- 
tion but unmistakable when examined supine. Cabot (6) says “lying 
on the side multiplies and intensifies rales on the lower side.” Howard 
(7) and Dana (8) are in agreement with this statement. Pottenger (9) 
states that rales are affected by the position of the patient but appar- 
ently does not go any further. This study was made with a view of 
determining the value of postural changes and the use of appliances which 
affect the movement of the chest in eliciting rales not heard by the 
methods in common use. 

The case records of all the patients in Trudeau Sanatorium were 
examined, and those with a definite parenchymatous X-ray lesion in the 
upper portion of the chest, who had not shown rales on previous examina- 
tions, were selected. Of the 180 patients in the Sanatorium 60 (30 per 
cent) fell in this group. All these were not used in the experiment, as 
some were acutely ill and others receiving pneumothorax treatment, or 
were otherwise not available. Tomake up the total of fifty, four patients 
not in the Sanatorium, but who were governed by the same conditions, 
were included. All patients in the group used were either in a minimal 
or moderately advanced class and had slight or no constitutional 
symptoms. 

The patients were carefully examined for rales during or following the 
expiratory cough in the conventional sitting position, the site of the 
lesion being known. At this examination 18 showed definite fine or 
moderately coarse rales, 3 inconstant, and-4 questionable rales. These 
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were kept in the group to note any change in the kind or intensity of the 
rales during the procedures following. All examinations on individual 
patients were made the same day, to exclude the possibility of an interim 
during which rales might develop. Following the initial examination 
each patient was examined in a similar manner while lying on his back 
and on each side. He was then examined reclining, with an eight-pound 
shot-bag resting on the chest, first below the lesion and then on the oppo- 
site side. Finally a chest-binder was applied to the lower part of the 
thorax at the end of expiration, sufficiently tight to immobilize the lower 
chest as nearly as possible, and examinations in the above positions 
were made. 

By none of the above methods were rales demonsirated, except in 3 
of the 25 cases showing no rales whatever by the usual method of examina- 
tion. Fine rales could be heard in one patient when lying on the side 
opposite to the lesion. Two had fine rales when examined lying on the 
back with the shot-bag resting on the opposite side. Of these two one 
also had fine rales when examined sitting with the chest-binder applied. 

Of the 4 cases with questionable rales, definite moderately coarse 
rales were heard in two; in one case when the patient was lying on the 
same side as the lesion and also when the shot-bag was applied on that 
side below the lesion, and in the other when the patient was lying on the 
side opposite the lesion. In the first instance the rales were heard in 
the apex front, and in the second in the hilum zone posteriorly. 

Of the three cases with inconstant rales, constant moderately coarse 
rales could be heard in two when the patient was examined lying on either 
side, one also showing them when examined sitting with binder, and 
constant small rales were heard in the third when examined with the 
binder applied in the sitting position. 

There was no uniformity of results as regards the change of intensity 
or the character of the definite rales heard by the various methods. In 
some instances rales that were heard when the patient was sitting could 
not be heard in other positions. Often they were intensified by one or 


more changes of position. 


Potassium Iodide Test 


Wells (10) in a paper published in 1900 said, “the administration of 
iodides may locate a lesion by the development of rales and give the 
extent of a known lesion otherwise unobtainable.” The dosage he 
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employed was three grains of potassium iodide three times a day “for 
several days.’ He did not believe that harmful results attended this 
procedure. Huber (11) said, “potassium iodide may bring out rales. 
Three or five grains may be exhibited for several days to this end.” 
Special caution has been advised in the use of iodides in the presence of 
tuberculosis, and it is probably for this reason that they have been little 
used in the past two decades as an aid in bringing out rales. 

Eight patients who had shown no rales on any of the previous examina- 
tions in various postures were divided into two groups of four each. 
Each subject in group 1 was given 30 grains of potassium iodide in 
broken doses, 10 grains at 2 Pp. M., 5 P. M., and 8 Pp. M., and examined for 
rales the following morning. Group 2 was given the same dosage at 
9a.M., 12 M., and 3 Pp. M., and examined at 4:30 Pp. M. on the same day. 

All patients in group 1 complained of uncomfortable sensations in the 
regions of the salivary glands. Two reported increased expectoration 
from the lungs. None reported blood-streaked sputum. Two had 
symptoms of acute transitory coryza, one of these having spent a very 
restless night. No rashes were observed. No rales were heard in any 
case in this group. 

In group 2 similar symptoms referable to the salivary glands were 
reported. Two, both women, complained of nausea. One reported 
increased expectoration. No other noteworthy symptoms were reported. 
Three were negative for rales. The fourth, who reported nausea without 
vomiting and increased expectoration,. had definite moderately coarse 
rales over the site of the lesion on one side, front and back. These 
rales persisted, becoming fewer and less pronounced at each examina- 
tion, for a week. Two subsequent examinations, two and seven days 
after this, revealed no rales. There was no spread of the lesion shown on 
the X-ray. This patient was moderately advanced, with a lesion extend- 
ing to the third rib and fourth dorsal spine, and was classified clinically 
and roentgenologically as inactive. 


SUMMARY AND CONCLUSIONS 


1. Repeated examinations may be necessary to disclose rales that 
might not be present or heard at the time of a single or even several 
examinations. 

2. Examinations in varying postures and with the help of mechanical 
appliances are of doubtful value in bringing out rales that cannot be 
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heard with the patient in the usual position. Such examinations, how- 
ever, in some instances may enable the examiner to positively identify 
questionable or inconstant rales. 

3. Of 8 patients showing no rales, definite, questionable, or inconstant, 
by any other method, one had definite moderately coarse rales that 
persisted for a week after the administration of potassium iodide. Dis- 
agreeable but apparently inconsequential symptoms were the rule after 
this dosage. 
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THE INFLUENCE OF COLDS ON PULMONARY TUBER- 
CULOSIS IN PATIENTS UNDERGOING TREATMENT! 


FRED H. HEISE 


Reactivation of pulmonary tuberculosis following upon common colds 
and influenza has been more or less of an accepted sequence of events in 
the course of pulmonary tuberculosis in the past. Since the more com- 
mon use of the X-ray in the diagnosis and subsequent analysis of the 
patient’s condition and progress it has been found that not a small 
number of patients have evidence of progressive tuberculosis seen in the 
X-ray films a considerable time before symptoms of the relapse become 
manifest. For this reason naturally there has been some doubt whether 
the patient has an increase in the extent of his tuberculosis by reason of a 
cold or whether the so called cold is a result of the advance of the tubercu- 
losis. The symptoms in both conditions as far as they relate to the 
lungs are much the same. 

During the year 1919 (1) there occurred at Trudeau Sanatorium 16 
cases of “influenza.”” Four patients and twelve nurses were the victims. 
Eight of the nurses were arrested cases of tuberculosis. Of the 12 tu- 
berculous only two, one nurse and one patient, were questionably worse 
for their experience. During the year a study of the onset of symptoms 
was made in 251 patients, of whom 52 said they had attacks of “‘influ- 
enza.”” But on close questioning it was found that 17 had symptoms 
suggestive of tuberculosis before the onset of “‘influenza.”’ Later 14 were 
found to have pulmonary tuberculosis. Of 35 whose symptoms began 
only after “influenza” 26 were later diagnosed as tuberculous. 

An analysis of discharged patients was undertaken at the same time, 
and reports were received about 2,524 individuals, of whom 354 had “‘in- 
fluenza.”’ Of the 354 with “influenza” 77 (21.7 per cent) relapsed and of 
the 2,160 who did not have “influenza” 262 (12.1 per cent) relapsed, 
showing a 9.6 per cent greater relapse in the “influenza” group. Of the 
354 with “‘influenza”’ 30 (8.5 per cent) died during the year, of whom 26 
(7.4 per cent) died of “‘influenza,’’ whereas of the 2,160 who had no 
“influenza” 67 (3.1 per cent) died during the year. So one might say 


1 From the Trudeau Sanatorium, Trudeau, New York. 
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that in all probability “influenza” caused about 10 per cent more relapses 
and 6 per cent more deaths in our discharged patients. 

The recent epidemic of “‘influenza,’’ 1928-1929, was not so fatal as that 
of 1918-1919. The Metropolitan Life Insurance Company (2), among its 
policy holders numbering about 183 millions, found the death-rate from 
influenza and pneumonia in 1928-1929 about one-fifth of that of the 1918- 
1919 outbreak, and considerably below the death-rate from the same 
causes in 1920, 1922, 1923 and 1926, showing that the recent epidemic 
was comparatively mild in nature. Yet for the months of January, 
February and March, 1929, the death-rate from pulmonary tuberculosis 
per 100,000 was somewhat in excess of that for the same months of the 
previous year despite the previous downward trend of the death-rate, 
possibly reflecting the effect of the influenza outbreak. Among the 
colored policy holders the rate was reduced as can be seen from the fol- 
lowing table: 


Death-rates per 100,000 persons for the months of January, February and March 


1929 1927 1929 1927 


Tuberculosis, all forms 75.8 : 82.1 | 216.3 si} 217.9 
Tuberculosis, respiratory system 67.5 .1 | 72 193.2 192.3 
Tuberculosis, meninges aa : 4.9 4 6.3 
Tuberculosis, other forms 4.9 19:34 19.3 


A study of the effect of colds and influenza upon patients undergoing 
treatment was undertaken from November, 1928, to March 31, 1929, 
and it was found that 150 individuals in a changing population of about 
375 had acute respiratory infections and that the total number of such 
infections numbered 185. Several had two, and a few three attacks. 

The population was divided as follows: 


Nontuberculous employees 
Tuberculous employees 
Tuberculous patients 


Of the 103 nontuberculous employees 19, or 18 per cent, had 24 colds, 
a term by which the respiratory infections will be hereinafter designated. 
Of the 24 colds, 7 were unaccompanied by elevation of temperature above 
99°F., 7 were associated with elevations between 99° and 100°F., and 10 
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above 100°F. In these temperature groupings the duration of illness was 
2.7, 4.6 and 9.5 days respectively. None developed tuberculosis. 

Of the 86 tuberculous employees 55, or 64 per cent, had 69 colds. No 
temperature above 99°F. occurred in 29, temperature between 99° and 
100°F. in 19, and over 100°F. in 21. The duration in these groups was 
3.5, 6.3 and 8.9 days respectively. None suffered relapses within three 
months after the colds. But 4, or 7 per cent, of those who had colds 
had relapsed prior to having colds and 4, or 13 per cent, of those who had 
no colds relapsed. 

Of the 186 patients 76, or 40.9 per cent, had 92 colds. There was no 
temperature above 99°F. in 38, temperature between 99° and 100°F. in 
33, and over 100°F. in 21. The duration in these groups was 2.6, 4.9 and 
7.5 days respectively. Fourteen, or 18 per cent, of those who had colds 
and 20, or 18 per cent, of those without colds had relapses. Increase in size 
of cavity, increase of inflammation, or in area of tuberculosis as seen in 
the X-ray films, were regarded as relapses. 

Of the 14 who had colds and relapsed, 8 were bed-patients with active 
or recently active disease, and, of those eight, 4 had enlargement of cav- 
ity and four increased inflammation about the foci or enlarged areas of 
tuberculous infiltration. In the remaining six, cavities developed or the 
area of tuberculosis was extended. 

Of the 20 who had relapses without previous colds, four were. confined 
to bed with active or recently active disease and seven had colds subse- 
quent to these relapses. All of the four bed-patients had extension of 
their disease. Of the remaining 16, two had enlargement of cavity, four 
increase of inflammation about the foci and ten had extension of disease or 
cavity formation or both. 

A further analysis was made of the association of fever and increased 
expectoration during the colds and the occurrence of relapses. The fol- 
lowing table shows this analysis in the patients: 


EXPECTORATION INCREASED |EXPECTORATION NOT INCREASED 


Relapsed Relapsed 


Number | Per cent Number | Per cent 


3 
1 
0 


4 2 
5 4 
1 


25 


TOTAL | 
Number Number | 
36 15 6.6} 21 14.3 
21 12 1.7 9 11.1 
19 13 7.5 6 0 
76 40 10 36 4 11.1 
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Fully twice as many with increased expectoration during the colds as 
those without it had subsequent relapses. The element of fever cannot 
be definitely evaluated, as about the same number of the relapsed cases 
had fever as did not during their colds. 

The occurrence of tubercle bacilli in the sputum seemed to play some 
importance in the occurrence of relapses as can be seen from the follow- 
ing table: 


RELAPSED RELAPSED 
AFTER COLD WITHOUT COLD 


Number] Per cent} Number] Per cent 


Tubercle bacilli constantly found 31 10 50 
Tubercle bacilli intermittent but present during cold.... 29 5 
Tubercle bacilli intermnittent but negative during cold... 0 
Tubercle bacilli never found 8 5 25 


18 20 18 


* Bacilli intermittent. 


The incidence of colds in those undergoing mercury-quartz light treat- 


ment was also studied. The following table shows the result: 


NO MERCURY-QUARTZ 


MERCURY-QUARTZ LIGHT LIGHT 


Total | Colds |Percent| Total | Colds |Per cent 


Tuberculous employees 8 63 78 50 64 
Tuberculous patients 45 17 38 | 141 59 41 


53 22 41 | 219 | 109 49 


From the above figures little or no influence in the prevention of colds 
was brought about by the administration of the mercury-quartz light 
therapy. The number of observations, however, is small. 

Some of the patients were confined to bed by reason of their tubercu- 
losis; these number 50. Twenty-four received mercury-quartz light 
therapy and 26 did not. Colds developed in 14, or 58 per cent, of the 
former and 14, or 54 per cent, of the latter. But the incidence of colds 
in the bed-patients was much higher than among the ambulant patients. 
Thus, of 136 ambulant patients 48, or 3 per cent, developed colds and 
of 50 bed-patients 28, or 56 per cent, developed colds. The higher in- 
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cidence was in all probability due to the fact that nurses constituted 41 
per cent of the tuberculous employees having had colds and very likely 
carried infection from patient to patient before themselves manifesting 
symptoms. As soon as any symptoms of cold occurred the nurses were 
at once relieved of duty. 

All patients and employees were put to bed at the onset of even the 
mildest and earliest symptoms of the cold, principally for isolation. How- 
ever, it is quite probable that a beneficial result was obtained. 


SUMMARY 


In a group composed of 86 tuberculous employees and 186 patients 
during a mild epidemic of colds, 150 individuals were infected; none of 
the employees experienced relapses of their disease within three months 
of their colds. But 18 per cent of the patients subsequently had relapses. 
That these, in all likelihood, were not caused by the colds is supported by 
the fact that 18 per cent of patients not having colds relapsed also. 
The relapses were more frequent in the cold group when expectoration 
was increased and when tubercle bacilli were present in the sputum. 
Irradiation with mercury-quartz light apparently had no protective 


power. The apparent freedom from relapses may in part be attributed 
to the bed treatment instituted at the very beginning of all colds. 
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DIMINUTION IN THE CIRCULATION OF THE SKIN A 
FACTOR IN DECREASING THE CUTANEOUS 
TUBERCULIN REACTION! 


J. D. PILCHER 


Decreasing tuberculin reaction or lessening sensitivity of the skin 
to tuberculin has been noted by numerous observers in recent years, and 
numerous Clinical conditions in which this change is noted have been 
described. Kleinschmidt (1) summarizes such conditions as follows: 
(1) numerous infectious conditions, especially measles; (2) advanced 
tuberculosis, especially in cachetic states of tuberculosis; and (3) as a 
result of prolonged tuberculin cure, or after injection of massive doses of 
tuberculin. 

It is with the second group particularly that this study is concerned, 
for in observing local reactions in the skin of these subjects it was found 
that when marked loss of weight, either from an acute or chronic infec- 
tious process, had left the skin dry, wrinkled, in folds, and with a minimum 
of subcutaneous tissue, the reactions were very slight, at times practically 
absent. Also, under these same conditions, increasing doses of tubercu- 
lin were necessary to bring out the local skin reaction commonly known 
as the tuberculin reaction. It was considered that the lessening of the 
local skin reactions under such conditions was due primarily to a de- 
creased circulation, largely because of dehydration (2). 

The question arose as to whether variations in the circulation in the 
skin might not be a factor in the variation in the tuberculin reaction 
during the course of the tuberculous process. With this idea in mind the 
tuberculin sensitivity and the local nonspecific reactivity of the skin 
have been studied simultaneously in tuberculous patients entering the 
hospital during the past two or more years, to learn whether the two 
ran a fairly parallel course as the clinical condition of the patient pro- 
gressed, improved, remained stationary, or retrogressed to a fatal issue. 


1From the Babies’ and Children’s Hospital, Cleveland, Ohio, and the Department of 
Pediatrics, School of Medicine, Western Reserve University. 
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METHOD 


For the determination of the tuberculin sensitivity the intracutaneous 
method, routinely employed in the Cleveland Babies’ and Children’s 
Hospital, was chosen, not only because of our familiarity with it, but 
because it lends itself readily to quantitative gradations, and hence would 
seem to yield more accurate results in this type of work than other 
methods. As quantitative results were desired, tuberculin (Parke, 
Davis O. T.) was used in solution strengths of 1: 10,000 up to 1:10 in nor- 
mal saline solution with 0.25 per cent tricresol as preservative. The 
amount injected was always 0.1 cc., making the actual quantity of 
tuberculin from 0.01 to 10 mgm. The skin of the forearm near the 
elbow was the injection site in every instance. 

Nonspecific Local Reaction: The injection of a small amount of codein 
solution into the normal human skin is always followed in a few minutes 
by a wheal with surrounding erythema, the process closely resembling 
the common urticarial lesions subsequent to foreign-sera injections. In 
normal subjects the character of the wheal is constant; it reaches the 
maximum size of from 1.1-1.3 cm. in diameter, sometimes much larger, 
in 5 to 10 minutes, and gradually disappears in the course of an hour 
or slightly more; the amount of swelling in the skin and subcutaneous 
tissue is usually about the same, more in patients with fine skin and abun- 
dant subcutaneous tissue, less when the skin is harsh and dry and in 
undernourished patients. In the dehydrated subject the character of 
the wheal changes, there being less induration in both the skin and the 
subcutaneous tissue; in the extremely dehydrated there may be no sub- 
cutaneous infiltration, the reaction being limited to so slight an infiltra- 
tion of the skin that the wheal site may be rolled readily between the 
thumb and forefinger. This condition was seen best in negro subjects 
with advanced pulmonary tuberculosis. The extent of the erythema 
is, roughly speaking, in direct proportion to that of the wheal. 

The uniformity and constancy of this local reaction are stressed because 
it has been observed in several hundred subjects, with repeated tests 
in many instances, and the test has always given uniform results under 
similar conditions. The reaction is lessened and may be entirely absent 
under certain conditions due primarily to lack of circulation, such as low 
blood-pressure, oedema or anhydraemia. 

Although under similar conditions the size of the reaction depends upon 
the quantity of codein injected, the character of the reaction remains the 
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same. Since it is difficult always to inject exactly the same quantity 
of solution into the skin, it is the character of the wheal rather than its 
size which is of chief importance. Moreover, a given quantity of codein 
just as of tuberculin will, of course, produce a larger reaction in an adult 
than in an infant, so that these reactions must be compared only in the 
same subject or in subjects of similar weight and nutrition. The quan- 
tity of codein injected was 0.1 cc. of a 1:1000 solution. Because of the 
constancy of the codein reaction and familiarity with its use for several 
years, it was chosen as a type of local nonspecific irritant. The quantity 
of codein was not increased as a subject became less sensitive to it, for 
experience had shown that it is more satisfactory to note the decrease 
in reactivity to this quantity than to determine the quantity or dilution 
necessary to elicit a given reaction. 

It may be objected that the tuberculin and codein reactions are dissimi- 
lar and not suitable for comparison; that the codein reaction develops 
and disappears quickly, whereas the tuberculin reaction develops slowly 
during a period of one or more days and persists several days; and that 
a nonspecific reaction accompanied by a more or less persistent exudate 
similar to that in the reaction of tuberculosis would be more suitable. 


No nonspecific agent that would produce an effect similar to the tubercu- 
lin reaction was known, however, and it would seem that the disadvan- 
tages of such reactions far outweigh any possible advantages. The codein 
reaction itself causes no discomfort other than the injection of the solution 
and brief tingling after the injection, disappears entirely in about an 
hour, and may be repeated as frequently as necessary. 


SUBJECTS EXAMINED 


The most satisfactory subjects for our purpose were those with pul- 
monary tuberculosis, who when they entered the hospital were fairly 
well nourished, who reacted well to small doses of tuberculin and to 
codein, and whose progress was progressively downward to a fatal issue 
with emaciation. Such subjects were few in number, however, as some 
improved and others died from an acute miliary process or meningitis 
without becoming emaciated, losing much weight, or becoming dehy- 
drated. The number was increased by examining in a similar manner 
in the Tuberculosis Division of Cleveland City Hospital? various stages 
of pulmonary tuberculosis, including the well nourished down to the 


2 The author is indebted to Dr. R. C. McKay for the privilege of examining these patients. 
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greatly emaciated. The tuberculous-meningitis cases exhibited interest- 
ing features which will be presented under a separate heading, as will the 
results from patients with measles. A large proportion of the patients 
were negroes, but as the results proved the same in white and negro 
subjects they need not be presented separately. 

Before presenting the data derived from the entire work, citations of 
the procedure in a child and an adult will serve to explain the methods 
and the results: 


Case 1: A 53-year female negro child with pulmonary tuberculosis was about 
3.5 kgm. below weight for her age and height when she entered the hospital. 
The reaction from 0.01 mgm. tuberculin measured 1.5 cm. in diameter and was 
fairly well indurated; the nonspecific reaction was of average size and persisted 
somewhat over an hour. Two weeks later there was a further loss in weight of 
1.1 kgm., there was no reaction to 0.01 mgm. tuberculin and the nonspecific 
local reaction was much diminished, being smaller, much less indurated, and 
absorbing in 35 minutes. The reaction to 0.1 mgm. tuberculin was less than 
that to 0.01 mgm. two weeks previously. In the meantime there was evidence 
that miliary tuberculosis and tuberculous meningitis had developed. A few 
days later 0.1 mgm. tuberculin gave no reaction and the nonspecific reaction 
was still further diminished. Two and one-half days before death 1.0 mgm. 
tuberculin caused no reaction, and ten hours before death the codein reaction 
failed entirely. The child at this time, three weeks after admission, was much 
below weight (5.0 kgm.). 

Case 2: An adult negro with extensive pulmonary tuberculosis was greatly 
emaciated and feeble; the skin was dry and quite inelastic, and there was almost 
complete absence of subcutaneous tissue. There was no reaction to 0.01 mgm. 
tuberculin and only a very slight one to 0.1 mgm. The local nonspecific irri- 
tant caused a slight but distinct reaction. Two days later 1.0 mgm. tubercu- 
lin was without effect, and after another lapse of two days, and a full week 
before death, 10 mgm. was also without effect; at this time, also, there was no 
reaction to the nonspecific irritant. 


Here we have, then, a child (case 1), decidedly sensitive to 0.01 mgm. 
tuberculin intracutaneously and giving a fair local nonspecific skin reac- 
tion at the time of admission, gradually losing sensitivity to both over a 
period of three weeks, so that one hundred times the previous tuberculin 
dose was ineffective. During this time the child had steadily lost weight 
and was, at death, nearly 30 per cent under the average weight for her 
age and height. Also, an emaciated adult who some two weeks before 
death reacted but slightly to 0.1 mgm. tuberculin and to the nonspecific 
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irritant and in a few days became less susceptible to both, so that a full 
week before death there was no local reaction to 10 mgm. tuberculin nor 
to the nonspecific local irfitant. 


RESULTS OF THE INVESTIGATION 


The results will be presented in the following order: (1) from the well 
or fairly well nourished subjects, (2) from the much undernourished or 
emaciated in the final stage of the tuberculous process, (3) from those 
who were examined at various progressive stages of the disease to the 
fatal outcome, (4) from the subjects with tuberculous meningitis, and 
(5) from subjects with measles (a) with and (b) without tuberculosis. 

1: Well and Not Greatly Undernourished Subjects: It was found that in 
tuberculin-sensitive subjects of all ages, from early infancy to late-adult 
life, when the local nonspecific reaction (to codein) was what we chose to 
call normal, or approximately so, the subject was also quite sensitive to 
tuberculin, that is, to 0.01 mgm. tuberculin intracutaneously. There 
were 17 children, ranging from less than 1 year to 12 years of age, who 
gave distinct reactions to 0.01 mgm. tuberculin, with a reddened in- 
durated area varying from at least 1 cm. up to 2 or 2.5 cm. in diameter, 
several of which reactions showed vesicles. With two exceptions the 
local nonspecific reaction was considered to be of average degree, and 
exceptions were somewhat below the average. Some of these patients 
were very well nourished; others were distinctly undernourished but not 
emaciated. ‘Two other fairly well nourished children, subjects of tuber- 
culous meningitis, were less sensitive to both reactions, which facts will 
be discussed later. 

To this group may be added 10 children of similar age, all fairly well 
nourished, who several years previous to this investigation (3) gave 
strong reactions to 0.1 mgm. of tuberculin intracutaneously and the usual 
average reaction to the nonspecific local irritant. These children were 
not tested with the smaller dose of tuberculin (0.01 mgm.) as the relation 
between local tuberculin and nonspecific reactions were not being investi- 
gated at that time. 

For comparison with the infants and children there is a group of 24 
adults, all moderately well nourished, several of them considerably above 
the average; none of them was seriously ill, except for the possibility of 
pulmonary haemorrhage. Without exception they reacted well to 0.01 
mgm., that is, the inflamed site was fairly wide, usually with considerable 
induration of the skin and subcutaneous tissue. The average extent of 
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the red and infiltrated area was 1.2 x 1.4 cm., with extremes of 1 x1 
and 1.5 x 2 cm.; three of the reactions showed vesication. Several of 
these patients also reacted much more vigorously to 0.1 mgm. The 
local reaction in all cases was akin to that seen in the average adult, 
namely, a fairly extensive wheal trom 1.2 x 1.3 to 2x 2.5 cm. in diame- 
ter (average 1.4 x 1.6) with considerable subcutaneous infiltration, so 
that in all cases the disappearing time of the wheal was somewhat more 
than an hour, or the average for a normal person. 

Many of these patients, of all ages, would no doubt have been sensitive 
to much smaller quantities of tuberculin than 0.01 mgm., but for the 
purpose in hand this quantity seemed satisfactory and there was no 
point in determining the minimum active dose, as the study was intended 
to be comparative only. 

It does not seem worth while to attempt a more exact comparison 
between the results in the very well-nourished and the slightly under- 
nourished, for there is no exact method of measuring the size of the local 
reaction, either to tuberculin or to the nonspecific irritant. 

The evidence demonstrates that in the average fairly well-nourished 
tuberculin-sensitive individual, with average texture of skin and sub- 
cutaneous tissue, at any period of life from infancy to middle-adult life, 
the sensitivity to intracutaneous tuberculin runs fairly parallel to a local 
nonspecific irritant (codein) administered in a similar manner; that is, 
when the skin of the tuberculin-sensitive individual reacts well to a given 
strength of the specific local irritant (tuberculin) it will also react to a 
small quantity of the local nonspecific irritant (codein). This relation- 
ship holds true aiso for patients who may be considerably below average 
weight: they may be quite sensitive both to tuberculin and the non- 
specific irritant, even when there is considerable loss of subcutaneous 
tissue. 

2: Emaciated Subjects: In advanced stages of tuberculosis with emacia- 
tion, as is well known (1), the tuberculin sensitivity decreases greatly, 
so that many times the original minimum dose is required to elicit a 
response. Of a group of 7 young children and one infant with fatal 
outcome from pulmonary tuberculosis, four of whom had been sensitive 
to 0.01 mgm. on admission to hospital and the others to 0.1 mgm. (not 
having been tested with the smaller dose), five failed to react to 10.0 
mgm. tuberculin injected shortly before death, usually two to four days, 
but in one case, over twenty-two days, the remaining three were not 
tested with 10 mgm. but were negative to 1.0 mgm. two to five days be- 
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fore death. A reaction was considered to be negative when there was 
no trace of induration, although at times there may have been a faint 
redness (congestion) at the point ot injection. 

These findings in children were checked on a group of 11 adults from 
two to twenty-five days before their death. Five were not sensitive to 
10 mgm. tuberculin from two to seven days before death; the others were 
not sensitive to 1.0 mgm. during a similar period (not having been tested 


TABLE 1 
Number of days before death subjects became nonsensitive to tuberculin 


TUBERCULIN DOSAGE (MGM.) 


1.0 


10 years 
6 years 
6 years 
6 years 
6 years 
6 years 

11 years 

16 months 
4 years 
5 years 

Adult 
Adult 
Adult 
Adult 
Adult 
Adult 
Adult 
Adult 
Adult 
Adult 
Adult 


CORR UN PUN 


NON FD 


—_ 


with 10.0 mgm.). As the majority of the group had not been tested with 
the minimum doses until late, the data merely show that all were negative 
to 0.01 mgm. from more than two to more than twenty-five days before 
death. The results are itemized in table 1. 

In this group with fatal outcome the subjects, both children and adults, 
were much undernourished, some of them greatly emaciated, with dry 
inelastic skin and a minimum of subcutaneous tissue; and it was only 
under such conditions, with one exception in the entire series, that the 
sensitivity to the larger doses of tuberculin was lost. All the children 


PATIENT AGE 
0.01 0.1 || 10.0 
12 
1 + + 4 2 
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in this group were undernourished when admitted to hospital, and all lost 
considerably more weight during the progress of the disease. The maxi- 
mum percentage weight loss in the hospital occurred in a negro boy of six 
years who was undernourished on admission and whose weight of 17.37 
kgm. fell to 10.5 kgm., or a loss of practically 40 per cent while in the 
hospital. 

In contrast to the well nourished, then, the much undernourished and 
emaciated individuals are but slightly sensitive to tuberculin and to a 
corresponding degree to the nonspecific irritant also. In extreme emacia- 
tion shortly before death, in our experience, there may be no reaction to 
10.0 mgm. tuberculin intracutaneously; the sensitivity to the nonspecific 
irritant becomes greatly reduced, in many instances failing completely, 
there being either no wheal-formation at all, or one that was quite flat, 
although of fairly wide extent, limited strictly to the skin and without 
subcutaneous induration. It should be understood that the latter test 
was made at about the same time as the tuberculin test, for there is 
always a period shortly before death when the codein reaction fails in 
the well as in the poorly nourished, because of failure of circulation due 
to the low blood-pressure only. For this reason, too, a tuberculin 
reaction was not considered negative until forty-eight hours had elapsed. 

3: Subjects Who Were Examined at Different Stages of the Disease: It was 
possible to make successive observations on a few patients from the time 
they were sensitive to the smaller doses until many times the original 
dose was needed to produce a reaction at all. During this time sensi- 
tivity to the local nonspecific irritant also decreases. ‘The decrease in 
sensitivity may be rather rapid; thus, after two months a young girl, who 
had reacted well to 0.01 mgm. tuberculin, gave practically no reaction to 
100 times this quantity and the reaction to codein was also much lessened. 
One gains the impression that it is dehydration rather than actual tissue 
loss that is largely responsible for the decrease in these reactions. Such 
adults as it was possible to examine during their downward course 
showed fairly parallel decrease in reactivity to both agents, together with 
weight loss. Several patients in hospital for many months, one of them 
nearly two years, who were originally quite sensitive to tuberculin and 
to the local nonspecific irritant, remained in a similar state of reactivity 
to both agents. 

Theoretically, at least, it would be expected that if sensitivity to 
tuberculin is diminished by the lessened circulation accompanying dehy- 
dration and loss of weight, the reverse should hold true: with recovery 
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from a considerable degree of dehydration and with increased weight 
the sensitivity should increase. Some evidence that this is the case was 
found in this study but not sufficient to permit definite or final conclu- 
sions. It isnot an uncommon experience to see patients seriously ill, who, 
on admission to the hospital, were much dehydrated (probably merely 
from neglect in offering liquids), gain rapidly in weight and appearance 
within a few days after admission. Under such conditions a patient 
whose reaction to even 10 mgm. tuberculin is negative may become 
sensitive to much smaller amounts as his general condition improves. 
Such a case is the following: 


A seventeen-month-old negro infant was much depressed and dehydrated on 
admission, at which time the diagnosis was bronchopneumonia and otitis 
media. The admission tuberculin reaction to 0.1 mgm. was negative; seven 
days later, when the temperature was normal but the weight had dropped to 
6.5 kgm. (a loss of 0.2 kgm. since admission), there was neither local nor syste- 
mic reaction to 10 mgm. tuberculin. About two weeks later, when there had 
been considerable improvement in weight (to 6.95 kgm.) and in general con- 
dition, 10 mgm. tuberculin caused a severe local reaction, with vesication and 
temperature to 40.7°C. fora short time. A few days later, or three weeks after 
the negative 10-mgm. reaction, 0.1 mgm. tuberculin also gave a positive but 
not marked reaction; the 0.1 mgm. dose had not been used before, except 
on admission. Unfortunately the nonspecific local reaction was not made 
in this case, but there is no reason to doubt its being lessened also. The 
infant had pulmonary tuberculosis, but her ultimate fate could not be deter- 
mined as she was taken from hospital against advice. Three other negro 
infants gave similar results, two of them less striking; and none of them was 
suffering from any complication or associated illness. The results in these 
cases are similar. 


4: Subjects with Tuberculous Meningitis: The data presented will not 
include the cases of meningitis occurring late in the course of pulmonary 
tuberculosis when great wasting had already taken place, for they are 
discussed under the latter heading, as the onset of meningitis did not 
influence the results obtained. In fairly well-nourished individuals with 
tuberculous meningitis tuberculin sensitivity may persist until shortly 
before death. Such was the case in a ten-month infant who gave a well- 
marked reaction to 0.01 mgm. tuberculin twenty-four hours before 
death. This quantity of tuberculin had been used previously, for the 
admission reaction to 0.1 mgm. six days before was large and showed 
vesication. Under hospital care the infant had gained in weight in five 
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days (from 8775 to 9500 gm.) and he was well nourished at the time of 
death. 

Two moderately undernourished children with tuberctlous meningitis 
also reacted to 0.01 mgm. tuberculin three and four days respectively 
before death. 

In this group of subjects the meningitis was present before much weight 
was lost, and with two exceptions each was sensitive to 0.1 mgm. tubercu- 
lin (or less) within a week of death. The majority were in the hospital 
too short a time to permit full observations on variations in tuberculin 
sensitivity, but in several cases in which the tests were repeated there 
was a decrease in tuberculin sensitivity as the disease progressed. 

The local nonspecific reaction ran tairly parallel to the tuberculin 
reaction in the meningitis group, about as it did in the pulmonary group, 
that is, a patient sensitive to tuberculin was similarly sensitive to the 
nonspecific irritant and the reverse. 

In tuberculous meningitis, however, there may be loss or decrease in 
sensitivity to tuberculin and the nonspecific irritant, even though the 
patient be fairly well nourished. This was the case in a four-months-old 
white infant who was fairly well nourished and gained 150 gm. weight 
during his six-day stay in hospital until death. Two recent cases in 
white children, two and four years of age, illustrate the same point,— 
neither reacted to 0.1 mgm. tuberculin on admission to the hospital, five 
and eight days before death, and at this time, too, they were somewhat 
less sensitive to the nonspecific irritant than normally; four days pre- 
ceding death one reacted very slightly to 10 mgm. tuberculin and to the 
nonspecific irritant, and the other somewhat more to each, but soon 
practically failed to react to the latter and showed no response to 10 mgm. 
tuberculin in the last thirty hours of life. The diagnosis in each case was 
miliary tuberculosis and tuberculous meningitis, and one, at autopsy, 
showed a small tuberculous ulcerating process in the lungs and considera- 
ble hilar lymph-node tuberculosis. These results are noted because of 
the decrease in both tuberculin and nonspecific irritant with much less 
loss of weight than had been experienced in the other groups; however, 
the fact remains that the reactions from both materials were fairly 
parallel and, although there had not been great weight loss, there was 
distinct evidence of dehydration. 

5(a): The Influence of Measles on the Tuberculin and the Nonspecific 
Reaction: Three children with active tuberculosis developed measles 
while in the hospital, where they had been for eight, eleven and fifteen 
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months previous to the onset of measles. All had been sensitive to 0.01 
mgm., and two of them had developed vesicles following injection of this 
quantity. Although no tuberculin tests had been made for some time 
previous to the measles attack, all these patients were distinctly sensitive 
to 0.01 mgm. tuberculin on recovery from measles, so that presumably 
they were sensitive to this quantity shortly before the measles infection. 
During measles all became much less sensitive to tuberculin. The exact 
period at which the maximum loss of sensitivity occurred is impossible 
to determine, as it is not feasible to give an individual very susceptible to 
tuberculin larger quantities until the effect of small doses is known, and 
this requires at least twenty-four to forty-eight hours. 

Citation of results in two subjects will illustrate several features that 


are to be emphasized: 


A fairly well-nourished eighteen-month negro infant with pulmonary tubercu- 
losis developed a measles rash and on the same day there was no reaction to 
0.01 mgm. tuberculin. However, there had been a weight loss of 225 gm. 
between the appearance of the Koplik spots and the appearance of the rash. 
On the 2nd and the 4th days of the rash 0.1 mgm. tuberculin gave no reaction; 
on the 4th day 1.0 mgm. gave a very slight and questionable reaction, and on 
the 6th day 10 mgm. gave a reaction considerably smaller than that caused 
by 0.01 mgm. previous to and subsequent to the measles attack. The reaction 
to 10 mgm. was somewhat greater on the 13th day of the rash. On the 21st 
day 0.1 mgm. gave a positive reaction and on the 38th day 0.01 mgm. gave a 
much larger reaction than any quantity had during the measles period. During 
this time the patient progressively lost weight from 7.6 kgm. on the day of the 
appearance of Koplik spots to 6.9 kgm. on the 13th day of the rash. During 
this period also the local nonspecific skin reaction was considerably below 
normal, and had increased, but not to the normal, when the tuberculin sensi- 
tivity returned. However, the weight was 400 gm., or about 5 per cent below 
the pre-measles weight when the tuberculin sensitivity returned. 

The results were similar in a second negro child, 33 months of age, in whom 
the reaction to 1 mgm. tuberculin was practically negative on the 4th day of the 
rash (when there had been a weight loss of nearly 9 per cent (11.0 to 10.05 
kgm.) and also on the 5th and 6th days. After this time increasing infiltration 
at the site of the tuberculin injection was noted, reaching its maximum the 12th 
day after the injection, at which time the weight had returned to almost normal. 
The test was made when the weight loss was at its maximum, and coincident 
with the increase in the infiltration about the site of the tuberculin injection 
there was a gradual increase in weight, which reached the normal at approxi- 
mately the same time at which the infiltration around the site of the tuberculin 
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injection reached the maximum. About 20 days after the onset of the rash 
there was a reaction to 0.01 mgm. tuberculin. The local nonspecific reaction 
was considerably lessened during the active stage of measles, and returned 
to normal at about the time the weight reached the normal. The tuberculin 
sensitivity was not as markedly lessened in two older children in whom the 
weight records were not fully recorded; in one, the local nonspecific reaction 
was also lessened during the period of active measles, but was not tested in the 
other. 


Although the data in subjects during the active stage of measles are 
too limited to permit final conclusions, they show that the decrease in 
tuberculin sensitivity is accompanied by a decrease in sensitivity to 
the nonspecific irritant and loss of weight, thus agreeing with the results 
in the other groups in which the weight loss had been more gradual. In 
the measles subject, however, the decrease in tuberculin sensitivity 
seemed much greater than the decrease in that to the nonspecific local 
irritant, so that other factors than merely diminished circulation must 
have an important réle. What these factors are, this study does not 
elucidate. 

5(b): Effect of Measles on Local Nonspecific Irritant: In view of the 
lessening of the action of the nonspecific irritant in the above cases of 
measles in tuberculous subjects it was investigated on several subjects 
with negative tuberculin reactions. In a few mild cases it seemed to be 
unmodified; in four cases of average severity there was a distinct decrease 
in wheal-formation from the day of the rash, as there was loss in weight 
during a period of several days. About the time the weight was re- 
gained the reaction returned to the normal. In one subject the rash 
was so marked that the skin of the entire forearm was somewhat oedema- 
tous, and in this site wheal-formation was distinctly less than after the 
fading of the rash. Wheal-formation from codein is always lessened by 
oedema and at the site of urticarial lesions. A number of these tests 
were made during the febrile stage of measles; however, experience gave 
no evidence that fever appreciably modified the local action of codein. 

While this series is too small to warrant definite conclusions the results 
agree with those in the tuberculous subjects with measles, indicating 
that there is a somewhat lessened circulation in the skin in cases of mea- 
sles that show weight loss; and especially in those in which the rash is 
intense, causing oedema at the site of the rash. Kollar (4) had investi- 
gated the dermographic or stroke reaction in children with measles and 
noted that it was decreased greatly in 14 of 20 cases, was normal in 4 
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and increased in two. The local nonspecific action (morphine) was 
tried in a few cases with variable results, which did not run parallel with 
the stroke reaction. Larger experience with the morphine reaction 
would no doubt have shown that the two reactions ran fairly parallel 
except, as Lewis (5) and Grant have shown, in subjects with urticaria 
factitia, who respond to morphine in the usual way however. 

At any rate, the decrease in the stroke reaction parallels the results 
with codein in this work. Kollar also compared the Pirquet and the 
stroke reactions in the course of two cases of measles; in both subjects 
they disappeared and reappeared about the same time. The conclusion 
was drawn that the vasomotor innervation played an essential réle. 
No weight comparisons were made, however, and it seems to me that 
variations in weight and skin turgor with decreased circulation are possibly 
more tangible factors than vasomotor variation except as the former 
influences the latter. 

Influence of Ultraviolet Light on Tuberculin Reaction: It is stated in the 
literature (6) that ultraviolet light lessens the sensitivity of the irradiated 
skin to tuberculin, and, as many of the infants and children in the series 
studied had received this form of therapy, it may have been a considerable 
factor in the decreased sensitivity to tuberculin. This would, however, 
seem unlikely, as the results were similar in the adult subjects and in 
some of the younger patients who had had no ultraviolet therapy, as in 
those who had received it. In this series there were several subjects 
who had had continued ultraviolet exposure without decrease in the local 
tuberculin reaction. One such case is cited: 


A white infant, twenty-two months of age on admission to hospital, had chronic 
pulmonary and bone tuberculosis. During a period of 53 months he had had 
several series of treatments with mercury-vapor-quartz lamp (125 exposures 
in all), varying from a minimum of five minutes at 80 cm. to a maximum of 
twenty minutesat60cm. The forearms were not protected from the exposure. 
At the end of the 55 months the patient was still very sensitive to 0.01 mgm. 
tuberculin, so that it would seem that exposure to ultraviolet light played no 
material part in decreasing the tuberculin sensitivity in certain subjects in 
this series. 


DISCUSSION 


The well-nourished tuberculous subject reacts to comparatively small 
doses of tuberculin. As the disease progresses toward a fatal outcome 
and loss in weight increases he becomes more or less gradually nonsensi- 
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tive to tuberculin, so that more than 1000 times the original effective 
quantity of tuberculin may produce no reaction as much as a week before 
death. These facts are well known, and the dose of tuberculin in this 
study was limited to 0.1 cc. of a 1:10 dilution (10 mgm.), as Krause (7) 
has “‘never found tuberculous animals to be completely refractory allergi- 
cally to tuberculin or tubercle bacilli.” It is possible that the injection 
of 0.1 cc. (100 mgm.) of pure tuberculin would have produced a reaction 
in these subjects but it might also have introduced a nonspecific factor. 

The results of this present study show that, accompanying this pro- 
gressive decrease in tuberculin sensitivity, there is also a progressive 
decrease in the sensitivity of the skin to local nonspecific irritants, as an 
example of which a codein solution was used; and associated with these 
two phenomena a progressive loss in weight occurred. In other words, 
when the tuberculin and nonspecific local sensitivity is very low the 
patient has become quite emaciated. 

It has been shown by Lewis and Grant (5) that an adequate circulation 
is necessary for the production of the signs of local irritation (wheal- 
formation by histamine), a fact made use of by the author in studying 
wheal-formation in the human skin (3). It is suggested, therefore, that 
decrease in the circulation in the skin is an important factor in the 
decrease 1n sensitivity to tuberculin manifested in tuberculous subjects 
who have lost much weight. The association of decrease in tuber- 
culin sensitivity and cachexia has been stated in the introduction. 
Francken (8), in studying the effects in tuberculous human subjects of 
codliver oil injected subcutaneously, found that in those subjects in 
good general condition the injection was followed by a pronounced local 
reaction, while in one subject with miliary tuberculosis and another with 
pulmonary tuberculosis “‘in full cachexia” there was no reaction at all. 
In a third subject with rapidly progressing pulmonary tuberculosis 
the reaction was slight only. All three of these subjects died. The 
results in this report would seem to be comparable to those from codein 
here reported, codliver oil being merely another local irritant with the 
difference that it is given subcutaneously and not intracutaneously. 

While the decrease in sensitivity to both reagents usually ran fairly 
parallel, the tuberculin reaction occasionally seemed to diminish some- 
what more than the nonspecific reaction. This seemed to be of signifi- 
cance in one patient only. A somewhat undernourished white infant 
seven months of age with pulmonary tuberculosis reacted well to 0.1 
mgm. tuberculin. When 14.5 months of age a diagnosis of miliary 
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tuberculosis was made. At this time the infant’s weight was 0.6 kgm. 
more than on admission seven months previously and he was much 
undernourished. Small doses of tuberculin (0.01 and 0.1 mgm.) gave 
negative results, and 10 mgm. an atypical reaction, a much elevated 
boggy injection site with little congestion, and the entire reaction dis- 
appeared much more rapidly than normally. The codein reaction, 
which had not been made previously, was large; the wheal measured 
1.9 cm. in diameter, with much boggy induration, and the disappearance 
time was prolonged, so that the reaction, even in this undernourished 
infant weighing but 7 kgm., was larger than in the average adult. No 
explanation was noted for the unusual size of this wheal. A similar 
reaction had been seen previously in a greatly dehydrated hydrocephalic 
infant, also without cause being found. Possibly an unexplained in- 
creased capillary permeability was at the bottom of each. At any rate 
the tuberculin reaction to 10 mgm. in this infant with miliary tuberculosis 
gradually lessened during the following twenty days and became nega- 
tive two days before death, while the codein reaction, though somewhat 
decreased, was still abnormally large. This case is reported in detail 
as being the only one in this series in which there was sufficient peripheral 
circulation to produce a large wheal, and yet 10 mgm. of tuberculin gave 
no reaction. It may be added that the tuberculin solution was checked, 
as in all this work. 


CONCLUSION 


Evidence is presented that in the human tuberculous subject, accom- 
panying a decrease in weight as the infection progresses, there is a de- 
crease in tuberculin sensitivity, in extreme cases even to 10 mgm. tubercu- 
lin intracutaneously, as well as to a nonspecific irritant. This decrease 
in reactivity is considered to depend, in part at least, upon lessened 
circulation in the skin and subcutaneous tissue. 
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THE COSTA REACTION 


HENRY S. PENN}! 


One of the difficulties confronting the internist in the treatment of 
pulmonary tuberculosis is the question of activity. When the disease 
is accompanied by the cardinal symptoms, such as cough, temperature, 
night-sweats, and progressive loss of weight, the determination of activity 
is a comparatively easy task. However, the absence of the above 
symptoms, as has been repeatedly pointed out by numerous observers, 
does not necessarily preclude the possibility of the existence of a highly 
active process. 

With the exception, probably, of the Costa reaction, the large number 
of serum reactions introduced in attempts to solve this problem have not, 
on closer analysis, justified our expectations. The serodiagnostic reac- 
tions may be divided into three groups: First, are those in which the 
reactions are depending on complement deviation, precipitation or 
agglutination. Second, are the reactions which depend on the presence 
of a specific antigen of which the Wassermann reaction, Wildbolz’s 
auto-urine test and Marmorek’s complement-fixation test are examples. 
The above methods have proved, so far, of little diagnostic value. Third, 
is the group that comprises the nonspecific serum reactions, characterized 
by the precipitation of serum-globulin in the presence of certain reagents. 

This phenomenon may be explained by the fact that the toxic sub- 
stances produced in the course of diseases, together with the destruction 
of tissue which is especially true in pulmonary tuberculosis, as shown by 
Levinson, exert a deteriorating influence on the cellular elements, with 
the subsequent disturbance of the colloidal stability of the plasma (Sachs 
and Oettingen, quoted by Baum). 

The Costa reaction is essentially a nonspecific reaction. It differs 
from the others by its rapidity and simplicity of execution, as well as 
by a higher percentage of accuracy. Its technique is briefly as follows: 


Three minims of 5 per cent sodium citrate are mixed with 1.5 cc. of 2 per cent 
solution of novocaine. To this are added 3 minims of the patient’s blood. 
This is either centrifugated or allowed to settle for twenty-four hours. Then 
one minim of concentrated formalin solution is added, and the results recorded 
according to the degree of cloudiness and the time required for its appearance. 


2 Sanatorium of the Jewish Consumptive Relief Association, Duarte, California. 
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A heavy flocculation appearing within half a minute to a minute would be rated 
as plus four. The absence of or only faint cloudiness after eight minutes is 
considered normal or negative. 


Judging from the results of the 130 cases examined, my impression is 
that in the great majority of instances the time-quantity phase of the 
reaction is an important factor in the determination of the degree of 
activity. In clinically highly active cases with pronounced cardinal 
symptoms we find the time to be less than a half-minute and the cloudi- 
ness very heavy. 

The tested cases were divided into clinically active and inactive, that 
is, into cases with marked cardinal symptoms, and cases in which the 
cardinal symptoms were absent or only partly present. 


ACTIVE CASES : INACTIVE CASES 


1 
3 
+ 17 

+ 30 
Negative 16 


It is interesting to note that among the one-plus active cases are 
patients with pronounced cardinal symptoms. One suffered recently 
a severe haemorrhage. One of the two-plus active group died recently 
from a massive pulmonary haemorrhage. Among the three-plus cases, 
on the other hand, are patients whose cardinal symptoms are in a very 
mild form. A similar inconsistency can be noted among the “‘inactive”’ 
cases. Fourteen of the 16 negative reactions were obtained on patients 
who have unmistakable phthisical symptoms, ten having also posi- 
tive sputa. 

It can be readily seen from the above, that the Costa reaction cannot 
be used as a criterion for the determination of the degree of activity. 
Even its negative results are of questionable value. 

Like other laboratory methods, the Costa reaction should be looked 
upon as an important adjunct to our laboratory procedures and should 
be interpreted in the light of our clinical findings. It must never be 
relied upon as a short-cut for the diagnosis of pulmonary tuberculosis. 
As pointed out by Krause: “No single laboratory finding, not even the 
presence of tubercle bacilli in the sputum, is capable of establishing 
a positive diagnosis.”’ 


I wish to extend my sincerest thanks to Dr. Karl Fischel for his suggestions and assistance 
in carrying out this work. 


“CLOSED” TUBERCULOSIS IN CHILDREN! 


VLADIMIR MIKULOWSKI 


Five years ago the author of this paper published in French and in 
Polish medical periodicals a few cases of “closed” pulmonary tubercu- 
losis in children, as well as a case in which autopsy revealed the presence 
of miliary tuberculosis in a child, the bacteriological examination of 
whose faeces showed the presence of Koch’s bacillus. The opinion was 
advanced that the bacilli present in the faeces in these cases originated 
from infected bile, and this opinion was based on the classical experi- 
ments of Frankl, Krause, Joest, Emshoff, Titz, Jahn, Rabinowitsch, and 
Calmette and Guérin, who found B. tuberculosis in the bile of a large 
proportion of cases of tuberculosis in man and in animals. 

In 1927 the author dealt with a case, the history of which was as 
follows: 


J. S., male, age 3 years, was admitted to the hospital on May 19, 1927, having 
previously suffered for six weeks from a febrile disease, accompanied by cough- 
ing, diarrhoea, emaciation and oedema. His parents were healthy, but one 
brother had died in his first year. The child had had measles two years 
previously. He lived under unfavorable conditions of hygiene, sleeping in 
the same bed as the other children of the family. Examination showed the 
general condition serious with the child conscious, but too weak to sit up in 
bed unassisted. His constitution was weak, and he was in a bad state of nu- 
trition. The extremities, the sacral region and the scrotum were moderately 
oedematous, as was the face, which was cyanotic. The subcutaneous veins 
of the cheeks, neck and chest were dilated. The Pirquet reaction was positive, 
and Aldrich’s skin reaction accelerated (10 min.). The rectal temperature 
varied from 98.6° to 100.8°. 

The phalanges of the middle finger of the right hand were deformed, and 
showed two osseous fistulae, discharging a seropurulent fluid (Spina ventosa). 
The skeleton, further, exhibited rachitic modifications. Groups of hard 
lymph nodes, about the size of walnuts, could be felt in the neck and axillae. 
The nose, throat and ears were apparently healthy. The pulse was 120 and 
feeble. 


1From the Charles and Mary Children’s Hospital, Warsaw, Poland. 
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Percussion and auscultation showed the signs of Gueneau, of de Mussy, of 
Mortinson, of de la Camp, of Koranyi, of D’Espine, and of Génévrier present. 
There were no positive changes in the lungs. The heart was of normal size, 
and its tones clear, the viscera normal, and the spleen impalpable. 

X-ray examination revealed, in particular on the right side, an enlargement, 
of irregular contour, of the region corresponding to the hilum shadows. 

The cough was moderate, without expectoration, and was occasionally 
accompanied by transient attacks of dyspnoea (Joal’s sign). 

There was lack of appetite, but the patient slept well. The stools were 
liquid and foetid, with about seven defecations daily. Bacteriological ex- 
amination of the pharyngeal mucosa did not reveal the presence of tubercle 
bacilli. These were, however, found on two occasions by the method of 
Bezancon and de Jong in the faeces (a few in each slide after the administra- 
tion of calomel). Tubercle bacilli were absent from the urine. 

Blood: Haemoglobin 35 per cent (Sahli); erythrocytes 4,100,000; leuco- 
cytes 15,000; 70 per cent polynuclear, 25 per cent lymphocytes, 4 per cent 
transitionals, 1 per cent eosinophiles, Wassermann reaction negative. 

Urine: Normal. 

Course of Disease: The child steadily grew weaker, the cough, lack of appe- 
tite, and the diarrhoea continuing, and without the objective signs undergoing 
any change. 

Clinical Diagnosis: General cachexia due to tuberculous infection; cachectic 
oedemata; tuberculosis of the phalanges of the middle finger of the right hand; 
tuberculosis of the lymph nodes of the neck, axillae and hilum; tuberculous 
ulceration of the intestines. 

On May 31 autopsy was performed, with the following results: Consider- 
able enlargement and caseation of the lymph nodes of the neck, of the axillae, 
of the left and right tracheobronchial hila, of the regions below the bronchial 
bifurcation, and of the bronchi, as well as of a few mesenteric lymph nodes; 
tuberculosis of the phalanges of the middle finger of the right hand; fatty de- 
generation of the liver; general oedema. No tuberculous changes in the pul- 
monary parenchyma or in the intestines. 

On the same day 3 cc. of a suspension of the faeces of this patient, homoge- 
nized by antiform, was injected subcutaneously into one guinea pig, and 5 cc. 
of bile into another. Both were killed on July 15, when autopsy revealed well- 
developed tuberculosis of the spleen, liver, lungs and hilar lymph nodes. His- 
tological examination confirmed the presence of tubercle bacilli in the affected 
organs of both animals. 


The pathologicoanatomical findings in this case were not entirely in 
accord with the clinical diagnosis, made during the life of the child. The 
clinical error lay, in particular, in the misinterpretation of the symptoms 
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of diarrhoea observed during the ten days during which the patient was 
in the hospital; the error, however, was not grave, and the clinical diag- 
nosis appeared to be in every way justified. This case shows, however, 
how difficult it is to avoid diagnostic errors in apparently so well known 
a domain asisinfantile tuberculosis, under the above-described conditions. 
These appeared to be almost classically simple, and would lead the most 
critically disposed clinician to make a diagnosis which, while fundament- 
ally correct, was in one respect false. Thus, clinically, tuberculous in- 
fection was quite rightly diagnosed as being the fundamental cause of 
the cachexia and of the subsequent decease of the patient, but the pres- 
ence of lesions, apart from those in the phalanges and the lymph nodes, 
was incorrectly assumed in the intestines. This conclusion was based on 
the symptoms of diarrhoea present, and on the presence of tubercle 
bacilli in the stools. 

Postmortem findings showed that the diagnosis of tuberculous ulcera- 
tion of the intestines was false, whence it would follow that the presence 
of tubercle bacilli in the faeces was due to anatomical tuberculous changes 
in the lymph nodes of the neck, hilum and mesentery, and in the phal- 
anges. 

The development of tuberculosis in the guinea-pig inoculated with the 
bile of this case would support the view that the bacilli found in the 
faeces originated from the bile. 

Calmette considers the gall-bladder to be a reservoir of B. tuberculosis 
in those individuals infected with this disease. From the gall-bladder, 
the bacilli are secreted, together with the bile, into the alimentary canal, 
and this phenomenon would seem to be closely connected with the dis- 
covery by Kuraschi, Rosenberger, Liebermeister, Jessen, and Rabino- 
witsch of early bacillaemia in practically every case of tuberculosis. 

The above-described case is undoubtedly one of “‘closed”’ tuberculosis, 
as the absence of tuberculous lesions in the lungs and intestines, only the 
lymph nodes being affected, corresponds to this designation. The lesion 
in the phalanges does not affect this classification of “closed” tubercu- 
losis, as the matter from osseous fistulae does not, as is known, contain 
directly demonstrable tubercle bacilli. 

This case shows how vague and uncertain is the conception of ‘‘closed”’ 
tuberculosis, since here, in spite of the clinical signs of tuberculous ulcera- 
tion of the intestine, of the probability of pulmonary tuberculosis, and 
of the bacilli on two occasions found in the faeces, postmortem examina- 
tion showed no signs of “open” tuberculosis, but only of the lymph-node 
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form. Thus, although the lesions were anatomically enclosed, so that 
this would fall within the category of noninfectious cases, and although 
specific bacilli were absent from the scanty phlegm expelled from the 
respiratory passages, the patient was, in practice, obviously infectious 
for his entourage, since with each evacuation tubercle bacilli were emitted. 

The whole question of the diagnosis of intestinal tuberculosis in 
children is raised by this case. While the diagnosis of this condition is 
not easy in adults, there can be no doubt that it is even more difficult 
in children. It is a matter of common knowledge that even the most 
common infections in children are accompanied very often by diarrhoea 
and foetid stools. Tuberculous infection is no exception in thisrespect, 
and in its early stages, whether pulmonary or lymphatic, provokes not 
only in children, but also in adults, disorders of the alimentary tract. 
Since in our case the diarrhoea was characterized by foetid stools, con- 
taining tubercle bacilli, we, in spite of the absence of blood and mucus in 
the stools, diagnosed intestinal tuberculosis, on the strength of the general 
cachexia, which seemed to be greater than would have been expected 
from the relatively slight lymphatic lesions in the absence of pulmonary 
lesions. The description of this case shows that the presence of tubercle 
bacilli in the faeces is no infallible evidence of tuberculous lesions of the 
intestinal mucosa, or of the swallowing of sputum expelled from tuber- 
culous lungs, but that tubercle bacilli may be found in the stools in 
“closed”’, lymphatic tuberculosis. Their comparatively small number, 
as well as the absence of faecal blood, or of perceptible lesions in the lungs, 
were, however, in this case, to some extent contraindicative of intestinal 
tuberculosis. 

The presence of tubercle bacilli in the faeces is, in any case, a valuable 
diagnostic sign of tuberculous infection, being of decisive importance in 
the absence of other bacteriological or biological indications. It is 
further of importance that Alexander Moore has shown that the only 
acid-fast bacteria found in human faeces are those of tuberculosis. 

Their presence may, in the presence of clinically established intestinal 
disorders, be a sign of intestinal tuberculosis. In the absence of sputum, 
or in the absence of tubercle bacilli in the latter, their presence in the 
stools may, where anatomical changes in the lungs are clinically estab- 
lished, be diagnostic of pulmonary tuberculosis. The faecal bacteria 
may in such cases originate from swallowed sputum. Finally, in the 
absence of any perceptible lesions of the lungs and intestines, the finding 
of tubercle bacilli in the faeces may be indicative of the presence of some 
more or less clinically “closed” focus of tuberculous infection. 
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Moore reports the presence of tubercle bacilli in the faeces of 52 cases 
of ‘‘closed” tuberculosis, including pleurisy, miliary tuberculosis, and 
tuberculosis of the bones and joints. 


RESUME 


The findings of Frankl, Krause, Emerson, and Rosenberger, that the 
tubercle bacilli found in the faeces of cases of “‘closed”’ lymphatic tuber- 
culosis are of biliary origin, are confirmed. The presence of these bacilli 
in the bile is a result of more or less intense bacillaemia, which may be 
present in cases of lymphatic and osseous tuberculosis. 
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POST-SANATORIUM HISTORIES OF TUBERCULOSIS 
CASES 


JESSAMINE S. WHITNEY anp BEATRICE A. MYERS! 


Sanatorium care is nearly always recommended for the tuberculosis 
patient. ‘This is so for a variety of reasons, not the least of which is the 
benefit derived by the patient. As yet, however, there has not been de- 
vised any workable method for measuring the extent of this benefit. The 
present study is merely an attempt to show what has happened to a group 
of nearly 7,000 patients discharged from two state sanatoria. We have no 
means of comparing the results with those for cases which have not had 
the advantage of sanatorium care. 

State sanatoria were chosen for the study as having a population most 
characteristic of the general population. One was that of an Eastern 
industrial state while the other was in a Southern state largely agricultural 
and only recently becoming industrialized. Only those patients discharged 
alive who had been in the sanatoria for at least three months were con- 
sidered. 

The composition of the population of the two sanatoria was somewhat 
different. In the Southern sanatorium all the patients were American 
born, while the Eastern sanatorium had one-third of foreign birth. As 
was to be expected, the latter had a larger percentage than the former of 
unskilled laborers among both sexes, though in both sanatoria the largest 
group of men were skilled workers while the largest group of women were 
housekeepers. The age of the patients when they entered the sanatorium 
ranged from 10 to 60 years. 

In spite of these differences, the histories were practically the same for 
patients from the two institutions. Since the Eastern sanatorium had 
been open for a longer period—20 years as compared with 13 years for the 
Southern sanatorium, and had discharged a larger group of patients— 
4,702 as compared with 2,261, most of the figures in the following report 
will refer to the Eastern sanatorium. The curves which will be offered 
show considerable unevenness. Although we present the study as though 


1 Statistical Service, National Tuberculosis Association. 
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it involved a constant group of patients taken as 100 per cent, as a matter 
of fact there was necessarily a different total to be considered for each year 
after discharge. This makes possible such apparent impossibilities as an 
increase in the survival rate from one year to the next. 

In the survival curves shown in figure 1 the importance of catching the 
disease in its early stages is clearly shown. Fifteen years after discharge 
from the sanatorium 62 per cent of the minimal cases are still living. More- 
over, 51 per cent of the total, or 82 per cent of those living, are known to 
be working. Of the moderately advanced cases, 50 per cent had died by 
the seventh year, and in the fifteenth year only 30 per cent were living. 


TABLE 1 
Histories of patients living in fifth and tenth years for whom there are complete records 


MODERATELY 
HISTORY MINIMAL ADVANCED FAR ADVANCED 


Five-year period 


190 
Worked 5 years ' 137 
Worked after 1st year. 16 
Worked at some time 34 


Not working at all 3 


Worked 10 years 
Worked after 1st year 
Worked at some time 
Not working at all 


Of these, 78 per cent were known to be working. The far-advanced cases 
died very rapidly,—39 per cent in the first year, 52 per cent by the second 
year, and 75 per cent by the fifth year. In the fifteenth year only 8 per 
cent were still alive. Death rapidly reduced the group of far-advanced 
patients, though at a gradually decreasing pace, so that by the tenth year 
the curve had a very slow downward trend. 

Women have, in general, a higher survival curve than men. This is 
true for all stages of the disease, though the difference is greatest in the 
minimal stage. For far-advanced cases the curve for females is only 
very slightly above the male curve. For the moderately advanced the 
curve for women is close to that for men for five years after leaving the 
sanatorium, but from then on rises gradually above the male curve. 
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The histories of the women were not directly affected by their age. 
Those women who entered the sanatorium between 20 and 29 years of 
age in the minimal stage showed the best survival rates. Females under 
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20 in the minimal stage had a much lower survival curve than any other 
group of minimal cases. Age affected the moderately advanced women 
advantageously, the older groups having respectively higher survival 
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rates for the first five years after leaving the sanatorium. Women under 
20 died more rapidly than men of the same age in both the minimal and 
moderately advanced states. For women already far advanced when 
entering the sanatorium, the ages 30 to 39 seemed most favorable. 
Women in the far-advanced stage at ages 20 to 29 have a lower survival 
curve than men of the same age. 

Age was a more direct factor in the case of men. Males in the mini- 
mal stage had consistently lower survival rates as the age on admission 
increased. The chance of living for minimal patients who entered the 
sanatorium between 40 and 60 years of age was little better than that for 
all moderately advanced males. Far-advanced males under 20 had a 
survival curve considerably lower than the general curve for far-advanced 
males. Males who entered in the moderately advanced stage had less 
chance of living if in the age-group 20 to 29 than if under 20 or between 
30 and 39. 

The question immediately arises as to what is happening to the living 
tuberculosis cases. Dublin, in a study of the cases discharged alive from 
Mount McGregor Sanatorium since 1913, found that 61 per cent were 
definitely known to be able to work in 1927. This included 71 per cent of 
the minimal, 50 per cent of the moderately advanced, and 30 per cent of 
the far-advanced cases.? These figures, however, make no reference as to 
how long the patient had been out of the sanatorium. 

In our study we found that while the percentage of the total cases work- 
ing naturally decreases as time elapses since discharge, due to the in- 
creasing deaths; nevertheless, for those cases alive in each year the percent- 
age of those working steadily increases. This is true for all stages of the 
disease. The situation is pictured in figure 3. 

The whole matter of working capacity is made difficult by the fact that 
complete information is not obtained. In spite of this, the general situa- 
tion mentioned above appears definitely. In section A of figure 3 we see 
the percentage of all cases known to be working each year. The upward 
slope in the curve for minimal cases from the tenth to fourteenth years is 
probably due to changes in the percentage of unknown cases. An actual 
increase in the number working would be a decidedly interesting phenome- 
non. The chart shows that the group of patients known to be working 


2 Dublin, Louis I. and Knight, A. S.: Mortality, morbidity and working capacity of tuber- 
culosis patients after discharge from the Metropolitan Life Insurance Company Sanatorium 
between 1914 and 1927, in the Proceedings of the Association of Life Insurance Medical Direct- 
ors of America, vol. xv, 1929. 
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gradually comes to include nearly all of those living. In B the rectangle 
represents the entire number of cases at each stage still living in each year 
after discharge. This shows that as the years pass, in spite of a decrease 
in the percentage of patients for whom there is no history, not only are 
more patients definitely known to be working, but also there are fewer 
patients known to be not working. In fact, the far-advanced cases still 
alive in the sixteenth year and thereafter are all working. C represents 
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the history of 156 moderately advanced cases, all of whom were living at 
the end of the first year after leaving the sanatoria, and for whom the 
records were complete for ten years. 

It is clear, then, that the tuberculosis patients who survive from year 
to year are largely able to carry on more or less normal activity. This is 
further emphasized by a study of individual cases. Dublin, in the report 
mentioned above, found that the male ex-patients lost 21 days per year 
from illness as compared to 9 days for all men of the clerical staff, and 
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females lost 42 days as compared to 13. By stage of disease the days lost 
by males were 9 for minimal, 29 for moderately advanced and 139 for far- 
advanced patients. Days lost by female ex-patients were 40 for minimal 
cases, and 54 for moderately advanced, with too few far-advanced cases to 
give significant figures. 

We found that of the cases living at the end of the fifth year after dis- 
charge we had complete records for 190 minimal, 318 moderately advanced 
and 57 far-advanced cases. Seventy-two per cent of the patients in the 
minimal stage on admission worked all of the five years and another 8 per 
cent worked continuously after the first year. Less than 2 per cent had 
been unable to work at all during the five years. Eight per cent more 
were not working in the fifth year, but of these over half had worked the 
first four years. 

The moderately advanced cases reported 69 per cent working for the 
five years, with 8 per cent working continuously after the first year and 
another 3 per cent working continuously after the second year. Two per 
cent were unable to work at all. Even the far-advanced cases show 46 
per cent working the entire period, 2 per cent in addition working after the 
first year and only 7 per cent not working at any time during the five years. 

There were 31 minimal patients living in the tenth year after discharge 
for whom we had a complete story. Of this small group, 58 per cent had 
worked the entire period while 13 per cent had worked after the first year. 
None had been incapacitated for the entire time. Of the 63 moderately 
advanced cases for whom there are similar records, 68 per cent worked 
throughout, 16 per cent worked after the first year and the remainder had 
all worked at some time. Only 10 far-advanced cases gave complete 
records for 10 years. Three of these worked throughout while one had 
worked only 2 years and another had not worked at all. Of course, these 
histories were taken on a certain date and the absence record reported by 
Dublin must be kept in mind when considering them. 

Having arrived at the conclusion that those patients who live are fairly 
well able to take care of themselves, we endeavored to discover howmuch 
effect sanatorium treatment has on the length of life of the patients. Our 
study showed that those patients who stay at least three months generally 
stay as much longer as the sanatorium authorities consider necessary. 
There were only slight differences in the survival curves arranged accord- 
ing to length of stay in thesanatorium. ‘The minimal and moderately ad- 
vanced cases who stayed from three to four months were evidently in the 
best condition, as they had the highest survival rates. The minimal 
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cases discharged after a stay of six to nine months had a higher curve 
for the first four years than those discharged after a three to six months’ 
residence in the sanatorium. Those who stayed over a year had slightly 
higher survival rates than those who stayed from nine months to a year. 
The survival curves for moderately advanced patients staying more than 
four months were all lower than for those staying from three to four 
months, but were so close together that little difference could be noticed. 
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In general, however, the patients staying longer had higher survival rates 
for the first few years. As time elapsed after leaving the sanatorium, 
the survival rates for those who stayed longer and had evidently been 
in a worse condition became gradually lower. 

The far-advanced cases showed a most distinct gain by lengthening the 
stay. The survival curve for those who stayed less than six months was 
considerably lower than that for those staying longer. As the time of 
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treatment increased the survival curves were appreciably higher. In 
other words, sanatorium treatment evidently considerably increases the 
chances of living for the far-advanced patient. 

The chances of life for sanatorium patients show a relationship directly 
proportionate to their gain in weight while at the sanatorium. The few 
who lost weight showed a very low resistance after leaving the institution. 
The moderately and far-advanced cases have a fairly consistent history, 
the relationship between the survival rate and increase in weight being 
direct. An exception to this general rule was found for the minimal cases 
which show the most favorable increase as five but less than ten pounds. 
The lower survival curves of those gaining more is possibly due to their 
less favorable condition when entering the sanatorium. Even so, the 


TABLE 2 
Survival rates of tuberculosis cases by condition on discharge 
PERCENTAGE LIVING CASES 
YEAR SINCE DISCHARGE 
Arrested Quiescent | Improved 
First Vear........ 93 97 93 76 43 


survival curves for all those gaining ten pounds or more are considerably 
higher than for those gaining less than five pounds. 

The sputum record affects the survival curves just as one would expect, 
namely, those with positive sputum have much lower survival rates than 
those with negative sputum. ‘The character of the sputum was recorded 
as on admission and tabulated by condition on discharge. The unfavor- 
able influence of positive sputum affected all cases, whether considered 
arrested on discharge, unimproved, or any of the degrees between. For 
quiescent and improved patients, those with positive sputum had death- 
rates just twice as high as the rates for those with negative sputum. 

A rather startling fact came to light in tabulating the cases by condition 
on discharge. Cases discharged as “arrested”? had lower survival rates 
than either the “apparently arrested” or “‘quiescent” cases! 

For the first ten years the “arrested” group gave death-rates more than 
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twice as high as those “apparently arrested.” This fact should strengthen 
the case of those physicians who deprecate the use of the term arrested. 
It is interesting to note that, while previous to 1914 there were more cases 
discharged as arrested than as apparently arrested, since that date more 
have been discharged each year as apparently arrested. Of those cases 
discharged in 1926, which entered into our study, there were 75 apparently 
arrested cases and only 9 arrested cases. 

Some interest may attach to the histories of native and foreign-born 
patients. The results were not definitive. Foreign-born minimal pa- 
tients had survival rates lower than the native-born minimal patients. Of 
the moderately advanced patients, the foreign-born had the better history 
until the twelfth year after discharge, after which the history for native- 
born patients was better. Foreign-born patients in the far-advanced stage 
had the better history throughout the nineteen years. There were pro- 
portionately more far-advanced cases among the whole group of foreign- 
born than among the native-born. 

Certain definite facts stand out as a result of the study. The chance of 
life of the tuberculosis patient is directly dependent upon the stage at which 
the disease is discovered. While minimal cases have a very favorable 
after-sanatorium history, far-advanced patients die very rapidly. Women 
have, in general, higher survival rates than men though this does not 
hold true for all ages. Such patients as do not die are able to carry on a 
fairly normal life in most cases. 

The length of sanatorium treatment directly affects far-advanced cases, 
and affects moderately advanced cases for the first few years after leaving 
the sanatorium. The effect on minimal cases is not so direct. 

A positive sputum at any time makes it harder for a patient to withstand 
the conditions of life outside the sanatorium. 

Weight is a positive factor in the history of tuberculosis patients after 
leaving the sanatorium, those gaining most while at the sanatorium 
having the best chance of living for a long period. 

No definite relationship was shown between nativity and length of life. 

As patients discharged “arrested” had comparatively high death-rates, it 
is advisable that physicians avoid the use of this term. The Diagnostic 
Standards of the National Tuberculosis Association recommends ‘“appar- 
ently arrested” unless all symptoms have been absent for at least six 
months. This would rarely happen in a sanatorium. 

The particular feature of the report is to show the value of careful 
follow-up work of discharged patients. More accurateand complete report- 
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ing of the working capacity of patients would considerably increase our 
knowledge of their actual condition of health. For this we need to know 
not only the patient’s condition on the day the questionnaire was received, 
but something of the extent to which he was able to work throughout the 
year. An improvement might be made by educating the patient while at 
the sanatorium in regard to the importance of carefully filling out the 
report blank to be sent him each year after he leaves. 


A PLAN OF ATTACK ON TUBERCULOSIS 
A Discussion of the Abstract Principles of Tuberculosis Control 


H. E. KLEINSCHMIDT 


Of the several epidemic diseases, cholera, smallpox, yellow fever, etc., 
that have yielded so dramatically to science, most have been attacked at 
a single vulnerable point. We have not yet found the fundamentally 
weak spot in the armor of tuberculosis that would enable us to concen- 
trate our fire there. No single measure holds the key to victory. The 
absolute control of the disease would imply the complete annihilation of 
a living species; that is, the tubercle bacillus, which may or may not be 
deemed a biological possibility, depending upon one’s degree of optimism. 
The practical control of tuberculosis demands application of many public- 
health and social devices. Certainly, the fight is bound up inextricably 
with the whole battle-array against disease. Perhaps it would be more 
proper to speak of the effort to control tuberculosis as a siege; that is, an 
attempt to starve it out, a process which is slower and more tedious, but 
none the less sure. 

The measures designed to fight tuberculosis are many and complex. 
This is an attempt to organize or fit into their places the various measures 
commonly assumed to be of value in starving out tuberculosis. The 
problem may be broken up into smaller units by classifying the com- 
munity into groups and listing the several measures which apply to each 
group accordingly. The grouping is as follows: 


A: Active cases are those persons who have pulmonary tuberculosis. They 

are the potential spreaders of tubercle bacilli without which there could be no 

tuberculosis. 

B: Infected persons are those who harbor the tubercle bacillus in their bodies 

but are not definitely ill and do not have a positive sputum. This group 

includes those who have the childhood type of tuberculosis. They are pre- 

sumably in danger of developing the pulmonary form of the disease. 

C: Noninfected persons embrace an important sector of the community; ex- 

actly how large, nobody knows. 

D: The tuberculous sick are those in need of medical care. While they are of 
702 


co 

fa 

t 

th 

I 

t 

f 
( 


A PLAN OF ATTACK 703 


concern to the community chiefly because they are in need of relief, they also 
fall into the first class,—active cases (not including cases of extrapulmonary 
tuberculosis, which also fall in this class). Thus, the circle is completed and 
the entire community is included. 


No sharp line of demarcation can, however, be drawn between the several 
groups. Moreover, the individuals of one class may shift into another. 
It is but a working, or theoretical, classification, under which the activi- 
ties designed to conquer tuberculosis may be listed. 


A: MEASURES TO CONTROL ACTIVE CASES 


(Preventing the spread of tubercle bacilli) 


What can be done to prevent the passage of tubercle bacilli from active 
cases to other persons? ‘The “carriers” of this disease cannot be swatted, 
chlorinated, pasteurized or disinfected. Complete quarantine is not 
practicable because tuberculosis is a disease of long standing. They can, 
however, within reasonable limits, be controlled. But the first step is to 
find out who and where the carriers are. For this, we need machinery 
for: 

1: Discovering Cases: 

(a) Physicians’ Reports: The law requires that all cases of tuberculo- 
sis be reported by physicians to the health department, not merely for 
statistical purposes but in order that they may be controlled in their 
association with others. This right of the state to demand reporting is 
conceded because active cases are a menace to the health of the com- 
munity. 

(b) Clinics make it easier for many persons to obtain medical advice 
and are a means of locating cases that might not be discovered by private 
physicians. 

(c) Case-finding surveys, consisting of the systematic search for all 
suspicious cases in a given community, may at times be justifiable, but 
if the other machinery is working efficiently such efforts are probably 
unnecessary. 

(d) Health examinations of apparently well persons will turn up 
their quota of cases, although some early cases often escape the vigilance 
of the doctor unless he searches specifically for tuberculosis. 

(e) The public-health nurse in her routine work and in her follow-up 
visits may be expected to discover cases otherwise overlooked. 
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2: Public-Health Control of Active Cases: Having found the cases, 
what can be done to control them? 

(a) Police measures, designed to prevent spitting in public places, 
to abolish the common drinking cup, to regulate public eating places, 
etc., are of obvious purposes. Police power may have to be invoked 
occasionally for recalcitrant persons who will not obey the suggestions of 
doctor or health officer. 

(b) Sanitation: Poor housing leads to crowding, careless habits, 
confusion, sunlessness, and other evils that favor the transmission of 
tuberculosis. The same thing is true of improper working accommoda- 
tions. Cleanliness of environment and provisions for decent living con- 


MEASURES FOR THE REPRESSION OF TUBERCULOSIS 


CONTROL OF AID OF PROTECTION OF CARE OF 
ACTIVE CASES INFECTED PERSONS |NONINFECTED PERSONS) + TUBERCULOUS SICK 


Preventing spread of Preventing development of Avoiding infection and Cure, relief and 
tubercle bacillus pulmonary tuberculosis building resistance rehabilitation 
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ditions serve a good purpose in preventing the passage of tubercle bacilli 
from the sick to the well. 

(c) Legislation having to do with the legal control of cases and pro- 
viding for facilities such as public-health machinery, the clinic, the sana- 
torium and the like, needs no elaborate explanation. 

(d) Medical care gives promise of rendering active cases inactive or 
bacillus-free. Medical care should include also the prophylactic in- 
struction of the patient and members of his family. 

(e) The clinic serves primarily the same purpose. 

(f) The sanatorium likewise tends to render the active case bacillus- 
free and is more efficient in training the patient how to protect others. 
Furthermore, hospitalization takes the active spreader of tubercle bacilli 
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out of the community; in other words, it serves to isolate or quarantine 
him, temporarily at least. 


B: MEASURES TO AID INFECTED PERSONS 


(Preventing the development of pulmonary tuberculosis) 


One might easily indulge in hair-splitting abstractions as to what per- 
sons should be assigned to this classification. Practically speaking, 
they are those, mostly children, who have been massively infected but 
whose sputum is bacillus-free. They are the children who are tuberculin- 
positive and show X-ray evidence of calcified tracheobronchial lymph 
nodes. Most of them come from contact families. They may be re- 
garded as the class from which the future crop of pulmonary tuberculosis 
will be reaped a few years hence. Who and where are these persons? 
We must find them in order to prevent the development of the disease, 
pulmonary tuberculosis, in them. We must find them also because the 
search often leads to the discovery of active cases who may be continuing 
to infect the child or may be spreading the infection to others. 

1: The Discovery of Cases of Infected Persons: 

(a) Examination of contacts. Tuberculosis is a family disease. 
Whenever an active or suspicious case is discovered, other members of 
the household, especially the children, should be examined and the ex- 
amination should include the tuberculin test and an X-ray picture. 

(b) Routine examination of school children will “screen out” those 
below par in health and the undernourished. Such children should 
receive the tuberculin and X-ray tests, for their malnutrition or general 
poor health may be due to the childhood type of tuberculosis. 

(c) Special examinations, or case-finding surveys, among all school 
children, such as Chadwick has instituted in Massachusetts, Rathbun in 
Chautauqua County, New York, and McCain in North Carolina, are still, 
perhaps, in the experimental stage, but seem to open up a very produc- 
tive field of endeavor. 

(d) The public-health nurse again is in a position to find children who 
need special examination for childhood tuberculosis. 

2: Assisting Infected Persons: When found, what can be done for 
the infected persons? The key-word for this group is not Control (for 
they do not endanger the health of others) but Assistance, designed to 
help them overcome the infection and prevent the development of the 
disease through the following means: 
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(a) Break the contact, preferably by placing the active case in the 
sanatorium. The first step in assisting the child is to prevent the con- 
stant, repeated exposure to large doses of tubercle bacilli. In favorable 
situations, contact may be broken by instructing all members of the 
household, including the active case, how to prevent the spread of the 
infection. 

(b) Medical supervision is clearly indicated. Here are children 
neither sick nor well but skating on thin ice. Medical guidance includes 
_ also the correction of defects in order to give the child every chance to 

build a strong body, and so ordering the life of the child that it shall not 
be subjected to strain, physical or emotional. 

(c) Health training and habit formation, recommended for all chil- 
dren, is especially desirable for those threatened by tuberculosis. 

(d) The preventorium is a means of applying the above measures, 
especially for children of “problem families” in which it is impossible to 
remove the active case or in which it is difficult to carry out the special 
regimen. 

(e) Summer camps, properly managed and regarded as a measure 
leading up to more permanent preventorium care, serve the same purpose 
in lesser degree as the preventorium. 

(f) Special classes, such as are conducted in open air schools and 
open window rooms, may be regarded as a form of preventorium treat- 
ment. 


C: MEASURES TO PROTECT NONINFECTED PERSONS 


(Avoiding infection and building resistance) 


If it were possible to control with absolute precision all active cases, 
scant attention need be paid to the well members of the community 
(in so far as the prevention of tuberculosis is concerned). But the situa- 
tion being what it is, the possibilities of becoming infected are many. 
All persons should, therefore, be warned and taught how to avoid expo- 
sure. And since sound health is an outstanding factor in resisting the 
development of the disease, it is incumbent upon us to foster general 
health promotion among all people. Health measures that may justi- 
fiably be classified as antituberculosis work may be divided into two 
groups: those that apply to the individual and those of a public nature. 

1: Personal Health-Promotion Measures: 

(a) Education: This blanket term includes intellectual and emo- 
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tional appeals, “advertising,”’ publicity, and the formal “learning” of 
hygiene principles. It covers nearly the whole field of individual health. 
All persons should know the essential epidemiological facts about tuber- 
culosis. The development of general good health should be encouraged 
because soundness of physique is the important defense against tubercu- 
losis. Good habits tend to prevent the spread of disease and to build 
health, and such habits can be cultivated by the individual. Knowledge 
of the fundamental principles of personal hygiene will enable persons to 
adjust their mental attitudes as new facts are brought to light. An 
understanding of public-health fundamentals will ensure a more intelli- 
gent public support of existing and new public-health measures and 
create a desire for better health protection. Public health can progress 
no faster than public opinion will permit. 

(b) Medical guidance: The idea that medical knowledge should be 
used to maintain health is to be encouraged. Keeping well is each indi- 
vidual’s responsibility (delegated, in the case of young children, to their 
parents) but each individual needs expert guidance and special advice, 
which only the scientific doctor can furnish. 

(c) Good living standards: Poverty, crowding, mental stress and 
worry, as factors favoring the development and spread of tuberculosis, 
are sufficiently understood to warrant us in saying that improvement in 
the economic situation and in the standard of living is an essential part 
of the antituberculosis program. It may not be incumbent on tubercu- 
losis and health organizations to engage directly in the many group proj- 
ects designed to mitigate social evils, but certainly they have a stake in 
them. 

2: General Public Health Measures: 

(a) Official health work. 

(6) Social service. 

Tuberculosis is a by-product of poor social organization. It cannot be 
combated as an entity as it is interwoven with all social and health prob- 
lems. The only sound foundation for tuberculosis control is efficient, 
general public-health organization, supplemented by good social service. 
It is a part of the tuberculosis program to encourage all proved and 
promising public-health and social measures. 

(c) Control of food: This item might properly be included in the 
larger category listed above, but, since bovine tuberculosis may be re- 
garded almost as an entity, the control of food supplies, particularly 
milk, deserves special emphasis. 
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D: CARE OF THE TUBERCULOUS SICK 
(Cure, relief and rehabilitation) 


It might be argued that the care of the tuberculous sick is not the re- 
sponsibility of health workers, on the assumption that sick care is a form 
of relief and not disease prevention. But there is the chance of restoring 
the sick person to the ranks of the well and then he again falls into the 
“custody” of the health worker. In fact, the health worker is never com- 
pletely relieved of his responsibility toward the sick patient because, so 
long as he is ill, he is a potential spreader of the disease. Therefore, while 
health associations and health departments may not be directly respon- 
sible for the medical care of the tuberculous sick, they do have a vital stake 
in that part of the problem. 

(a) Private physicians. 

(b) Clinics. 

(c) Sanatoria. 

Health organizations can do much to raise the standards of medical 
practice, not through direct leadership but by encouragement and by 
providing opportunities for doctors for keeping pace with scientific prog- 
ress. It is incumbent on health workers to respect the prerogatives of 
the profession and to appreciate the viewpoint of the modern doctor, 
for these factors come into play whenever the cure of the sick becomes a 
concern of the public. . 

(d) Training of the patient in the principles of hygiene for his own 
advantage and for the protection of others has already been emphasized. 
Health workers share the responsibility of encouraging such training. 

(e) Rehabilitation of recovered cases is still in the experimental, or 
demonstration, stage. In communities where the health machinery is 
fairly well developed, rehabilitation is a phase of work in which health 
agencies may well engage. Eventually it may come to be recognized as 
an accepted part of the medical care of the patient. 

(f) Following up patients so that they shall not be “lost” when dis- 
charged from the sanatorium or when they fail to reappear at the doc- 
tor’s office or the clinic is a measure which should be systematized. 

(g) Physical relief for the sick and their dependents is a function of 
social agencies, official and volunteer. It is a measure which should no 
longer absorb the major efforts of a health agency, but such agencies 
should see to it that it is being properly done. 
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GENERAL COMMENTS 


Just where should the item “Research” be catalogued? Research is 
the life-blood of progress and should apply to every item of the tubercu- 
losis program. Every fact, every procedure, should be subject to re- 
examination at all times. The word “Research” might, therefore, be 
boldly written across the entire tuberculosis-control program. 

Which of the measures should be applied first in the order of impor- 
tance? That will depend on existing practice and local exigencies. The 
development of a public-health program cannot always be logical; some- 
times, advantage must be taken of a prevailing interest while it is hot, 
even though it tends, for the time, to unbalance the general program. 
Thus, in a poorly organized community, it might be desirable to establish 
first a public-health nursing system, but if some circumstance has made 
the people willing to erect a sanatorium that project should not be hin- 
dered merely because more elemental needs are not yet fulfilled. 

It is not to be inferred that the entire program outlined above is in- 
tended to be carried out by the tuberculosis association. Indeed, the 
goal should be eventually to make the complete control of tuberculosis a 
public function, financed by the taxpayer. The tuberculosis association 
is a promotion agency, experimenting, teaching and demonstrating to the 
end that worth-while projects will eventually be accepted by the tax- 
payer as his obligation. A tuberculosis association may use this abstract 
setup as a measuring rod and plan its activities in such a way that the 
gaps in the tuberculosis program will in due time be filled. 
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STUDIES ON PULMONARY ACOUSTICS! 


Ill. THE TRANSMISSION OF VIBRATIONS FROM PERCUSSION 
ALONG RIBS 


P. F. METILDI, F. W. BISHOP, J. J. MORTON anp R. S. LYMAN 


It is often convenient to regard the thoracic wall as an indivisible 
unit, which acts as a single system in the production of the percussion 
note. And yet the practice of percussion frequently forces attention 
to special parts of the chest-wall. This paper takes up the effect of 
individual ribs on the transmission of vibrations laterally in the thorax 
under different conditions. 

With information about lungs, heart or pleura as the usual aim in a 
physical examination of the chest, the thoracic wall becomes merely an 
obstacle. Accordingly several procedures have been suggested to 
reduce its influence, to dodge the ribs and minimize the involvement of 
soft tissues. “Thus, for example, Goldscheider (11) developed threshold 
orthopercussion with a bent rubber-covered glass rod held against the 
interspaces, as a pleximeter. On the other hand, others have actually 
utilized the lateral spread of sound in the walls of body-cavities in out- 
lining organs which lie below the surface: sic, the evolution of “auscul- 
tatory percussion.” 

In his Traité de l’Auscultation Médiate, Laennec mentioned the pos- 
sibility of combining percussion with auscultation, with special reference 
to determining ascites and delimiting the cavities of pneumothorax. 
With the stethoscope over the zone of a pneumothorax, as soon as per- 
cussion left the normal parts of the chest and reached that zone, the 
sound became like that of an empty cask, mixed at times with a metallic 
tinkle (un tonneau vide et mélée par moments de tentement). 

Some twenty years later, Cammann and Clark (7) described A New 
Mode of Ascertaining the Dimensions, Form, and Condition of Internal 
Organs by Percussion in the New York Medical Journal in 1840. They 
used a solid rod of cedar, wedge-shaped at one end so as to fit between 
the ribs, and constructed to fit the ear at the other end. Holding this 


1From the University of Rochester School of Medicine and Dentistry, Rochester, New 
York. 
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against the body at a place believed to be over the centre of an organ 
(for instance, the heart), one would listen while soft finger-finger percus- 
sion was made. The percussion would start some distance away from 
the stethoscope, sounding faint at the beginning, and it would approach 
the centre along any one of several lines which are described. Suddenly 
at some point on each line the sound of percussion would become louder. 
Those points were thought to outline the organ in question. Preliminary 
trial of this technique ‘‘on the dead” led to certain conclusions about 
transmission of sound in different tissues:—bone is the best conductor 
of sound, cartilage is but little inferior, muscle when tense is a good 
conductor but when relaxed it hardly conducts at all, any tissue conducts 
better when under tension than when relaxed, fractures and dislocations 
do not usually interrupt all conduction unless the ends are completely 
separated, etc. In contrast to lung, heart or liver, the type of sound 
transmitted along bone is of high, intense “energy,” “in quantity full 
and loud, somewhat prolonged and slightly ringing, immediate (opposed 
to distant), clear, and impulsive” (opposed to crescendo), and it is 
conducted through the longest distance of any tissue. In spite of the 
ability of bone to transmit vibrations so well, Cammann and Clark 
believed they could outline hearts along four axes behind the bony thorax 
with very fair accuracy. Their belief rested chiefly on the results of 
work on cadavers. On each one, 8 spots were determined by their 
technique and knitting needles were then driven in, perpendicular to 
the chest-wall. On opening the bodies, good correspondence was on 
the whole found between the borders of the heart and the position of 
the knitting needles. The right auricles gave the greatest discrepancy, 
for out of 6 hearts 4 proved at autopsy to have auricles “distended with 
blood” and the needles penetrated them instead of just touching their 
borders. 

In 1850 Henri Roger (27) called attention in France to the work of 
Cammann and Clark, accepting their technique but making some change 
in the presentation of results. Among other things, he contrasted 
transmitted percussion through bone, as being very clear, with that 
through liver, as being loud. The reflected note is flat in both cases. 

Although the stethoscope was not used simultaneously with percus- 
sion in Mazonn’s experiments, he described in Kiev in 1852 observations 
which are of interest in connection with this paper (21). He noted that 
firm pressure of the hand against the chest-wall of a cadaver damped 
the reflected percussion note on that side to some extent; percussion in 
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the space between two hands pressed against the chest caused more pro- 
nounced damping; removal of the liver and spleen from the abdomen 
made the percussion note over the whole anterior thorax more clear 
(hell); exenteration of the thoracic organs through the diaphragm 
brought out a still more clear and toneful (klangreich) note; bony parts 
gave the clearest notes but percussion of a rib at different spots gave 
different results although the general character of the note was the same; 
pressure of hands on the chest damped the percussion note after exentera- 
tion of the lungs as well; when the liver was placed posteriorly in the 
thoracic cavity on the ribs between the spine and the scapula, the note 
on percussion of the free anterior portion of the chest-wall was damped, 
but when lung was put against the angle of the ribs at the same place, 
no change of note was apparent from the anterior part of the chest-wall; 
slitting the intercostal spaces so as to separate a single rib from the rest 
of the thoracic wall from sternum to spine made very little if any differ- 
ence on percussing the rib before and afterward, but putting a clamp on 
the rib so as to shorten the freely vibrating part raised the pitch of the 
note; a solid body pressed against the inside of the chest-wall caused some 
damping of the percussion note vertically above and below but not so 
much as in a horizontal direction and around the chest-wall; section of 
all costal cartilages left percussion unchanged; when all costal cartilages 
were left intact and the ribs were sawed across near the vertebrae, 
tension of the wall was reduced and the percussion note became muffled; 
an excised piece of thoracic wall held in the hand sounded on percussion 
like a board covered with cloth; when an edge of the same piece was 
clamped in a vise, it gave a louder note, not the “thigh-note”’ of Skoda; 
if the sternum of a cadaver was removed, the note of the thoracic wall 
lost some resonance; if a whole side of the chest-wall was cut away, the 
note from the intact side resembled that of the piece of thoracic wall 
which was clamped in a vise; finally, if a piece of chest-wall was laid over 
the mouth of an empty cylinder, the resulting percussion note from that 
piece became loud and clear like that of an empty thoracic cavity. 
Clinical observations on patients were added. From these data, Mazonn 
drew the following conclusions: The percussion note arises from vibra- 
tions of the wall plus resonance of the air enclosed in the thoracic cavity; 
the chest-wall does not vibrate as a single whole, but does so in certain 
parts; each separate rib does vibrate as a whole and it imparts more or 
less vibration to surrounding regions of the chest-wall. 

An attempt to measure actually transmission of sound in ribs was 
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made by K. Vierordt in 1883 (35). He dropped shot of known weight 
through a measured distance on to a smooth boxwood surface. That 
surface was connected by a vertical rod to a circular boxwood plate, 
which was placed against the sternum. A receiver, also made of box- 
wood, which led eventually to the ear of the observer, was then held 
against a vertebral spinous process. That vertebra was chosen which 
was at the same level as the boxwood sound-producer on the sternum. 
In a second experiment on the same individual, sound was produced at 
the same place on the sternum, but the receiver was moved from the 
spine to the axilla, still at the same horizontal level. The intensity of 
the sound produced was considered to be proportional to the weight of 
the shot multiplied by the square root of the distance through which it 
fell. That value was noted which represented the smallest distance 
through which shot could fall and still be heard (appearance threshold). 
The absorption of vibration in the boxwood system itself was first 
determined. The figures for the two experiments are: 


1707 (intensity of sound) 

41 cm. (distance around rib) 
from the sternum to the vertebral spine. 

618 (intensity of sound) 

13 cm. (distance to axilla) 
the axilla. Without offering further data in this paper, he concluded 
that “on percussion of the chest, the sound travels more readily around 
the circumference of the thorax than in any other direction.” 


= 41.6 = decrement of sound transmitted 


= 47.5 = decrement from the sternum to 


The very best study on vibrations in the ribs from percussion of the 
thorax, which has come to our attention, appeared in Bologna in 1882. 
Raimondo Feletti (10) carried out experiments on cadavers held in ver- 
tical position with a single contact against the spine. The point of a 
needle would be inserted into a rib and the other end relayed through a 
Marey tambour to a lever, which traced curves on a revolving drum. 
The records showed only those vibrations which took place in a hori- 
zontal plane. Percussion was made against different sites on the ribs 
with a Wintrich hammer. When ribs were stripped of all musculature 
and tendons and were left attached only at the spine and sternum, their 
vibrations seemed to depend on their elasticity. The more elastic, the 
more regular the vibrations. Elasticity was increased by cartilage and, 
in line with that, the anterior parts of the ribs where cartilage is in evi- 
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dence gave rise to wider oscillations than the posterior parts where 
osseous rigidity is greatest. The ribs were divided into thirds. The 
anterior third proved subject to vibrations which were of higher fre- 
quency, more regular, and of longer duration than the other two-thirds. 
Further, with the needle in the posterior third of a rib, percussion on the 
anterior third gave wider excursions on the graphic record than percus- 
sion near the needle. Also, vibrations in the anterior and in the posterior 
thirds seemed to proceed in opposite directions. When immediate 
percussion was made by the metallic part of the hammer-head, vibrations 
in the rib were smaller and less regular than when struck by the rubber- 
tipped part. When pleximeters were used, there were smaller excursions 
of shorter total duration with ivory than with the finger as pleximeter. 
As to contents of the thoracic cavity, the presence of lung did not alter 
the duration of the vibrations or their amplitude, but it did decrease their 
regularity. Airless bodies and liquids on the other hand diminished 
duration as well as amplitude of rib-vibrations. These observations 
were made on ribs separated from the rest of the chest-wall. With the 
intercostal muscles attached, the ribs oscillated at higher frequency, 
lower amplitude, with an increase of partial tones. Percussion in an 
adjacent intercostal space produced regular vibrations of the rib, a little 
less in amplitude, but of just as long a total duration as when percussing 
on a rib. The greater the vertical distance from a rib, the more the 
damping in the rib. In a position of inspiration, rib-vibrations were 
fewer, shorter, and less regular than in one of expiration. In another 
cadaver in sitting position, the first four ribs were removed and the tho- 
racic cavity was filled with liquid, on the surface of which was sprinkled 
lycopodium powder. An end of the 5th rib was percussed with a hard 
plexor. The lycopodium left the internal surface of the rib except at 
two points, which corresponded to lines of division of the rib into thirds,— 
anterior, middle, and posterior. Feletti concluded that a rib resembled 
a rod fixed at both ends, that ribs vibrated im toto and also in aliquot 
parts, that they had nodes and antinodes. In view of some difficulty in 
getting various articles by Feletti in this country, it seems justifiable to 
append here in charts 6 and 7 reproductions of the curves which he had 
published in the Rivista Clinica di Bologna in 1882. 

Two years later in the same journal Bianchi (4) reported clinical 
studies on vibrations in the chest-wall. He replaced the stethoscope 
with the phonendoscope,—a binaural stethoscope with a small resonating 
chamber just above the bell,—and he substituted friction on the skin 
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for percussion. He made a sharp distinction between the results of 
auscultation combined with forceful percussion, and those of ausculta- 
tion of the faint sounds produced by scratching or brushing over the 
skin. He reserved the term “auscultatory percussion” only for the 
latter. However, the difference between percussion and skin-friction 
was not so clearly explained on a basis of physics as it was described as a 
difference in technical procedure. Bianchi and his assistants gave a 
marked impetus to the attempts to delimit thoracic and abdominal 
organs but they did not add much to the specific problem of transmission 
of vibration through the ribs. 

The technique of auscultatory percussion was subject to modifica- 
tion. Very light taps with the finger were commonly used with ausculta- 
tion through a stethoscope (Cammann and Clark (7), Zuelzer (38), 
Henschen (14), Jackson (16), Bendersky (2), Benedict (3), e¢ al.). De 
Mussy (9) percussed the upper thoracic vertebrae, sternum or clavicles 
while moving the stethoscope from place to place on the opposite side 
of the chest. Bianchi introduced friction in the shape of light inter- 
mittent strokes on the skin with the finger-nails, coming in centrip- 
etally toward a phonendoscope placed over the organ. A. Smith (33) 
and Pal (25) used friction-strokes with a brush, moving centrifugally 
from a phonendoscope. Buch (6) preferred to put his stethoscope 
alternately on each side of the apparent boundary of an organ, which 
was determined by light percussion. Runeberg (28) adopted a stetho- 
scope and either light centrifugal percussion for deeper organs or radial 
brushing over the skin with the finger-tips for organs nearer the surface. 
Blad (5) believed the “simplest” technique was the best:—“radial” 
scratches and a stethoscope. Sehrwald (31) used either a brush or the 
finger-tips, stroking diagonally across radial lines which ran out centri- 
fugally from the point of reference; he tried the phonendoscope but 
condemned it on account of distortion of the quality of sounds and he 
accordingly preferred the stethoscope. Reichmann (26) auscultated as 
he rubbed his finger up and down over corrugations on the sides of a 
small wooden rod which was held vertically against the chest-wall. 
Seaman (30), Villari (36) and Hofmann (15) devised automatic hammers 
which would deliver percussion blows of comparable force, which they 
used in conjunction with simultaneous auscultation. Considerably 
later on, R. M. Alexander (1) advocated holding a stethoscope against 
the chest of the patient with his left hand and at the same time using the 
thumb and fingers of the same hand as pleximeters laid on the chest at 
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designated places; he then percussed lightly with the right hand. Some 
of our current text-books (for instance, Cabot, Norris and Landis) advise 
that skin-friction be made concentrically, coming in toward a stethoscope 
which is held over the organ. 

The reports of many of those observers were on the whole favorable. 
In general, fair accuracy was claimed in outlining the upper border and, 
perhaps, the right border of the heart. A few (for instance, Smith, Pal, 
Buch) had confidence in the accuracy of outlines of the left border. 
Determination of the extent of intrapulmonary disease was unsatis- 
factory. The procedure was well adapted to pleural pathological 
changes. Recently, Sacco (29) and Webb (37) have made some modifica- 
tions in the technical detail and have applied it to delimiting pleural 
effusions. Mediastinal masses and lesions of the thoracic wall itself 
were seldom mentioned. The most successful results were obtained on 
the abdomen. Nearly all reports assert that auscultatory percussion 
provides one of the best ways to distinguish the boundary between 
adjacent abdominal organs of similar consistency, for instance, stomach 
and colon. Some authors made rather extravagant claims, such as the 
recognition of two separate echinococcus cysts rather than one single 
cyst in the liver of a patient (Pal). Incidentally, that proved to be cor- 
rect at operation. The borders of the liver, of abdominal masses, and 
the level of ascites were usually considered subject to accurate outline. 
Those of the spleen and kidneys were less so. The distinction between 
pleural effusion above the diaphragm and liver or subdiaphragmatic 
abscess was repeatedly made correctly by auscultatory percussion. 

The enthusiasm of some of the earlier reports on auscultatory per- 
cussion was considerably moderated after the studies of de la Camp (8) 
and of Sehrwald (31) became generally known. They-paid particular 
attention to the relative réles of the lateral spread of vibrations in the 
chest-wall and of the penetration through it to the internal organs. In 
1904, de la Camp described wide variations in results due to the super- 
ficial effect of skin, muscle and bone. With a collapsed exenterated heart 
he could distinguish auricles from ventricles but he could not tell one 
ventricle from the other by auscultatory percussion directly on the heart 
itself; when the chambers were filled with water, the interventricular 
septum could be located; but when the heart was covered by a piece of 
thoracic wall and auscultatory percussion was carried out on the wall, 
the ribs and intercostal muscles led to oval outlines which did not cor- 
respond to the shape of the heart. Ribs were shown to account for 
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wider circles of transmission than intercostal spaces. Muscles gave 
smaller circles when contracted than when relaxed. Skin showed larger 
circles when stretched, smaller when tightened by the contraction of 
underlying muscles, larger when dry, and smaller when rich in fat. Ona 
cadaver the “cardiac outline” was determined by auscultatory percus- 
sion, using Smith’s technique. Then the smallest incision possible was 
made through the back on the right side and the heart was taken out of 
the body. The friction-figures of cardiac outline remained the same. 
On patients, the heart could be traced out equally well on either side of 
the sternum if the phonendoscope was placed symmetrically, and, fur- 
thermore, if the phonendoscope was gradually moved laterally around 
the thoracic wall, it could be shown that it chased the apparent left 
border of the heart around, even to the vertebral spine. De la Camp 
concluded that auscultatory percussion was valueless in determining 
cardiac size and outline. The apparent location of the ventricles through 
the chest-wall seemed to be controlled chiefly by rib-conduction and 
that of the auricles by sternal conduction of vibrations produced by skin- 
friction. In the same year, 1904, Sehrwald made even more detailed 
observations of the same sort in Italy. Similar results were obtained 
with skin and muscles under different conditions and with exenterated 
organs when bare and when covered. It was also shown that friction- 
figures of underlying organs are carried readily along the course of the 
ribs and pass relatively poorly across them perpendicularly. Thus, 
ovals appeared with their long axes over ribs, although they were 
shortened when skin intervened. In regard to the heart, the friction- 
figure is a resultant diagonal oval, which is produced chiefly by the effect 
of the skin, muscle, and bone of the thoracic wall. Sehrwald also demon- 
strated that figures could be moved around at will and that their position 
depended on the arbitrary points of reference which were chosen for the 
phonendoscope or stethoscope. Grote (12) summarized his trial of the 
procedure as follows: The configuration and consistence of internal 
organs exert no influence on the conduction of sound along the surface 
of the body; the murmur of friction is clear only as long as sound-waves 
can be transmitted through the skin; the distance of such transmission 
depends on the quality of the skin and its tension; on taking sym- 
metrical points of reference for the stethoscope, symmetrical figures can 
be traced on either side of the body. Jundell (17) discarded all friction- 
auscultation as clinically worthless but he did believe that Laennec’s 
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original percussion with auscultation was valuable in bounding a 
pneumothorax. 

In summary, experience with auscultatory percussion? has shown 
lateral spread of vibrations in the thoracic wall to be the outstanding 
feature. Bone conducts best. Skin and muscles modify conditions 
greatly, depending largely upon their tension and dryness. Sound travels 
better along the course of the ribs than across them vertically in the chest- 
wall. Underlying organs have more or less of a damping effect on the 
lateral transmission of vibrations in the chest-wall. Recently, Minerbi 
(23) has stressed, as the principle underlying auscultatory percussion, 
reflection of vibrations, which occurs when waves pass from one medium 
to another of different structure,—a change of “‘isotropismus.” At the 
present time, the procedure is recommended for practical clinical usage 
in outlining relatively superficial abdominal organs, occasionally for 
mediastinal masses, for assigning a zone of dulness to ordinary percussion 
above or below the diaphragm, and for little else. 

In his studies on percussion, reported in 1908, Goldscheider (11) 
brought out certain effects of the ribs in some very simple clinical experi- 
ments as follows: If one percusses softly at any single place on the an- 
terior chest-wall, the sound may be heard posteriorly on the thoracic wall 
on auscultation more loudly at that same level than below it; and higher 
up on the back, near the vertebral attachments of those ribs which come 
from the site of percussion, the sound is quite as loud if not more so; 
with percussion on one side of the chest, firm pressure against the ribs 
from the outside, between the percussion and auscultation on the oppo- 
site side of the chest, makes no appreciable difference in the sound which 
is heard through the stethoscope; percussion on the anterior chest-wall 
with auscultation over the corresponding vertebral spine and over the 
acromion and the apex of the lung on the same side prove that the sound 
is loudest at the apex where lung comes into the field as well as bony 
thorax. Goldscheider states that ribs tend to direct the surface trans- 
mission of sound, that they conduct sounds with greater intensity than 
do intercostal spaces, that the action of a rib is similar to that of a 


2 For persons interested in more recent clinical discussions on auscultatory percussion,— 
without special reference to rib-transmission of vibrations,—the following articles may 


be noted:— 
Crouzon, O. and Béhague: Bull et Mem. de la Soc. Méd. des Hép. de Paris: 1920, xliv, 976 


May, E. and Rouquet, J.: Ann. de Med.: 1921, ix, 335. 
Boston, L. N.: Med. Journ. and Record: 1924, cxx, 367. 
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pleximeter, but that ribs do not transmit total chest-sounds to the 
exclusion of lungs. In fact, he assigns an extensive part of conduction 
of the sounds to the lungs. 

In 1922, Martini (20) reported very fundamental studies on percus- 
sion and auscultation, in which the thoracic wall was treated as a single 
acoustic unit. He considered the total reflected chest-sounds to be 
produced in a coupled system, of which the thoracic wall was one factor 
and the lungs the other. It was to his interest to avoid subdivisions 
since increase in the number of factors would make the analysis hope- 
lessly complicated. Consequently very little was said about trans- 
mission of vibrations in the ribs alone. He mentioned that the higher 
overtones in the percussion sounds, which are reflected through air, owe 
their origin above all to the bony cage plus the pleximeter. He attrib- 
uted to the ribs and sternum a high modulus of elasticity and a high 
inherent frequency,—up to 1000 vib./sec. He gave a very small figure 
(0.002) for the phase-displacement (7), which explains the relatively 
small excursion of molecular movement in the ribs on percussion in 
comparison with the total displacement of the whole mass,—in short, 
ribs tend to vibrate as a whole and hence make topographic percus- 
sion difficult. 

Lehndorff (19) in Prague made a different approach toward the rdle 
of ribs in percussion. He discussed the probable interaction of ribs and 
soft tissues in the intercostal spaces. He stated that, on routine imme- 
diate percussion, the intercostal muscles are stretched by the pleximeter 
and their vibration extends laterally between the two adjacent ribs, 
which in turn are set into vibration throughout their entire length. 
Accordingly, he suggested procedures which aimed at making percussion 
focal (orthopercussion), together with damping the vibrations of the two 
ribs which bounded the intercostal space. 

Recently, Hamburger (13), Turban (34) and Miiller (24) have all 
called attention to the results of firm pressure of the hand against the 
lower posterior part of the chest on the reflected percussion note. Such 
pressure close to the vertebral spine on one side will produce the effect 
of paravertebral dulness (Grocco’s triangle) on the opposite side of 
the spine. 

Finally, it might be of interest to see how some of the current text- 
books on physical diagnosis of the chest summarize the experience of 
the past hundred and fifty years with regard to transmission of vibra- 
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tions in ribs. The Seifert-Miiller Taschenbuch (23rd ed., p. 18) states 
that ‘airless hard parts of the body, such as bones . . . . transmit 
the percussion blow extremely well.” Sahli’s Lehrbuch (7th ed., p. 369) 
advises immediate percussion rather than mediate blows on the ribs 
“since bones play the réle of very long pleximeters which transmit the 
vibrations from percussion far along the extent of their length.” Pratt 
and Bushnell discuss the action of ribs to a greater extent (pp. 79, 81, 108) 
and, among other things, they comment “that the structure of the 
thoracic walls and the arrangement of the lung lobes both tend in a gen- 
eral way to limit vibrations which are communicated anteriorly to the 
upper lobe and posteriorly to the lower lobe.’ All the books consulted 
mention the very important effect of structural changes in the bony 
thorax as affecting the percussion note. Aside from that, further detail 
about conduction of sounds laterally in the chest-wall does not seem 
sufficiently significant to claim space in the texts. 


PROCEDURE 


Graphic records of vibrations set up in the thoracic wall were obtained 
in normal individuals and in patients who had some abnormality of the 


chest. The subject, with two observers, sat in a small room, the walls, 
ceiling and floor of which were constructed so as to reduce extraneous 
sounds. Percussion was carried out by one observer, who for the most 
part used direct percussion with a hammer. In the case of one patient, 
finger-finger (indirect or mediate) percussion was employed, as will be 
mentioned again later. 

The hammer had a rubber-tipped head, which weighed 34.5 gm. The 
length of the handle and weight of the head remained constant and the 
arc through which the head of the hammer fell could be controlled. 
Accordingly the blow struck by the hammer, when set so as to fall 
through the same arc, is considered to have been the same. That as- 
sumption seems justified since records of successive percussion notes 
which were obtained in that way superimpose as exactly as the records 
can be read, even under a hand-lens. The blow was kept the same 
throughout each series of records and with any one subject from day 
to day, but it was not necessarily the same from one subject to another. 

The second observer held an electromagnetic microphone against the 
chest-wall of the patient. The pressure with which it was held in place 
was not measured but the same observer handled the microphone 
throughout and he tried to keep the contact the same in all cases. The 
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microphone converted mechanical into electrical vibrations. They were 
then amplified in a Western Electric stethoscope and were finally recorded 
photographically on a General Electric oscillograph, which has been 
described elsewhere (22) in an article in which calibrations are given, 
including those of the Western Electric microphone used in these experi- 
ments. The characteristics of this particular microphone appear as 
curve 3 in chart 1 of that article. 


RESULTS 


The results which are reported here are summarized in the illustra- 
tions. Only a single percussion note is reproduced on the charts in each 


CuHartT 1 
On left: 

Comparison of vibrations set up by impacts from a 2-gram brass weight and a 2-gram 
piece of rubber dropped from the same height on to anterior portion of a dried 7th rib from a 
skeleton. Transmitter posteriorly against angle of 7th rib. No amplification. 

Comparison of vibrations transmitted around chest-wall of normal male subject due to 
a blow from the brass and from the rubber surface of a hammer. Percussion over 7th rib 
in anterior axillary line; transmitter posteriorly over angle of 7th rib. Amplification 12 Vol. 
Cont. Soft tissues and attachments to ribs cause considerable damping in contrast to previ- 
ous pair of records. 

Comparison of vibrations carried around in 7th rib, with and without pressure against 
outside of chest in the same subject. Percussion over 7th rib in anterior axillary line; trans- 
mitter posteriorly over angle of 7th rib. Amplification 8 Vol. Cont. Firm pressure with 
hand against the chest over the 7th rib in the posterior axillary line decreases the excursion 
of some vibrations but the effect on total amplitude and duration is slight. 


On right: 
Effect of change of intrathoracic pressure on vibrations transmitted around right 7th 
rib in same subject. Amplification 8 Vol. Cont. Difference, especially in amplitude, con- 
siderably more marked than in previous records of external pressure against chest-wall. 


instance. Whenever direct percussion with the hammer was used, it 
made no difference which particular one of a row of repeated percussion 
notes was selected since each successive note superimposed exactly. 
In regard to the patient with the bone tumor, finger-finger technique 
was used and there were some slight differences in the frequency-counts 
of the vibrations on each long film of similar percussion notes. For her 
charts, which are labelled F. K., that percussion note was chosen in each 
case which best represented the average appearance on the films, taking 
amplitude and frequency of vibration into account. Reproducibility 
of successive percussion notes obtained at one time was however much 
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more exact than appears on the healthy right side of her chest on the 
three different charts. The conditions of percussion and of anatomical 
physiology are supposed to have been the same throughout on her right 
side but a variation in results was more marked after intervals of days: 
or weeks between records than occurred with successive notes on the 
same day. 

Chart 1: The statement was made by Feletti that in a cadaver a single 
rib responded with smaller and less regular vibrations when struck by 
the metallic surface of a hammer than by the rubber-tipped surface of 
the same hammer. And so here, an isolated dried 7th rib from a skeleton 
was rested with its angle against the microphone while a 2-gm. brass 
weight was dropped on to the anterior part of the rib. Then a 2-gm. 
piece of rubber cut from a cord was dropped through the same measured 
distance on to the same place on the rib. To the ear which heard the 
reflected sound the brass made a shorter, sharper, louder slap of more in- 
determinable pitch than did the rubber. But the records of transmitted 
vibration around the rib showed a slightly narrower excursion, con- 
siderably more evenly damped, and a shorter total duration of oscil- 
lations from the brass than from the rubber. ‘Those results were modified 
in the living subject, a healthy male, 34 years of age. He sat com- 
fortably on a stool during the experiments, as did all subsequent subjects. 
The microphone was held in a corresponding place, over the right 7th 
rib between the scapula and the spinal column, and direct percussion 
was made with the hammer. The subject tried to hold his breath in 
the same position of moderate inspiration while each film was being 
photographed in this series of observations. The rubber tip of the 
hammer-head struck the chest over the 7th rib in the right anterior 
axillary line, falling through an arc of 48° with a handle 17 cm. in length. 
Then, without other change of position, the head of the hammer was 
unscrewed half a turn on the handle, allowing the brass surface to strike 
against the same place on the chest-wall. The weight of the head re- 
remained the same; thé arc was the same; the brass surface had the same 
area as the rubber one; the difference in length of the handle was not 
appreciable. Again, to the ear, the reflected percussion note was a 
shorter, louder slap with less assignable pitch from the blow with brass 
than with rubber. The transmitted vibrations along the rib were very 
much softer in the living subject than on the skeleton. With the living 
person the blow was more forceful and also amplification in obtaining 
the graphic records was greater, so that the records do not show the 
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ue comparison in loudness between the living and the dead. However, 
ynditions were comparable between the brass and rubber impacts which 
-e shown in each pair of records. And so it is fair to say that transmitted 
b-vibrations from a fairly forceful blow with brass appear as somewhat 
uder initial oscillations, of equal or shorter total duration, and with 
armonics at the onset only slightly more in evidence than occurs with 
1e rubber tip. In that pair of records as in many others the chief 
fference occurs in the first part of the sound. After relatively rapid 
amping of the initial wide deflections, the pattern settles into smaller, 
ower oscillations which superimpose exactly in the latter half or quarter 
‘the note. Next is shown the effect of pressure against the outside of 
1e chest on vibrations transmitted around the chest-wall. In the same 
ibject, percussion was made over the same right 7th rib in the anterior 
xillary line and the microphone was again held posteriorly over the 
ngle of the 7th rib. In these and in all succeeding records which were 
btained with the hammer, the strokes were made with the rubber- 
ipped end of the head. There is very little change in the transmitted 
ibration before and after the hand was pressed firmly over the 7th 
‘ib in the posterior axillary line, between the sites of percussion and 
iuscultation with the microphone. This corresponds with Goldscheider’s 
observation made with the stethoscope and ear some twenty years ago. 
(he transmitted vibrations are slightly damped by such external pres- 
sure but we doubt if we could pick up the difference except by our records. 
Again, transmitted sounds such as Goldscheider and we, now, refer to 
are to be distinguished from the reflected sounds noted by Mazonn, 
damburger, Turban, and Miiller. On the right side of chart 1 are 
records which show the marked effect of change of intrathoracic pressure 
on oscillations in the thoracic wall. When pressure was raised by inspir- 
ng and straining slightly against a closed glottis, the increase in the 
umplitude of rib-oscillation is marked. Alteration of frequency of 
vibration is not so striking. Repetition on the next day gave results 
vhich were very similar. The records did not superimpose exactly 
but the general pattern was the same. ‘The difference is explained by 
our failure to control the extent of change in the pressures. 

Chart 2: This represents direct percussion on the left side of the thorax 
of a female subject, D. B., aged 25, whose chest was normal except for 
the previous operative removal of the whole left breast 5 years ago for 
what was supposed to have been carcinoma of the breast. Repeated 
sittings on different days gave similar results with this subject. Through- 


‘ps4aa 991% pue ‘SqII 07 Zutssed uo sasvaisep Jo pue yno dorp satouenbary Jo 


Lavy) 


SUI) OUl] 


q 


MORTON AND LYMAN 


BISHOP 


0} WNUJI}S 0} ‘}e| 
q! Pag 


a 
a 


3 ouds 


id 


726 
(\ 
| 
y 
| | | 
| 
| & 
| | 


STUDIES ON PULMONARY ACOUSTICS. III 727 


ut, she held her breath in moderately deep inspiration during each 
hotographic exposure of the film. The outstanding features serve 
; graphic confirmation of the familiar clinical suppositions that all 
ialities of sound are relatively well transmitted along the course of 
ich rib, and that there is a certain increase in loudness over the lower 
arts of the thorax, presumably dependent on the larger volume of the 
rest cavity in that region. It is also evident that vibrations, par- 
cularly of the higher frequencies, pass around the chest in each single 
b relatively well but tend to be suppressed on passing to different 
ertical levels in the chest-wall. 

Chart 3: H. was a man, aged 36, who came into the hospital complain- 
ig of swelling of the right arm. A marked cylindrical swelling of the 
pper right arm had followed antisyphilitic treatment. Biopsy revealed 
ssue that was probably sarcomatous. An interscapulothoracic ampu- 
ition was carried out two months before these records were taken on 
‘ibrations in the ribs. The operation left the patient with the outlook 
f a somewhat longer life and, incidentally, it made him into an almost 
verfect experimental sound-box on the right side. Without arm, clavicle 

or scapula on the right side and without excess of subcutaneous padding, 
we had the opportunity of recording rib-vibrations free from damping 
by the shoulder-girdle. There was no evidence of metastasis in the 
chest at that time. He held his breath in the same position of moderate 
inspiration while each of the records was taken. With the transmitter 
(microphone) posteriorly over the angle of the 3rd rib and percussion 
on the anterior part of the chest, the vibrations at higher frequencies 
stand out more prominently than with the transmitter down over the 
angle of the 7th rib. Percussion on the 3rd rib shows that the more 
rapid vibrations travel around that single rib with relatively wide excur- 
ion; percussion over the 5th and 7th ribs brings a decrease in amplitude 
of many of the higher vibrations so that they look more like typical 
‘partial tones.’’ However, the slower oscillations have their widest 
implitude at the level where percussion reaches the greatest diameter 
f the chest-cavity. Both at the 3rd and at the 7th ribs, frequency- 
counts of each oscillation show very little difference. The chief feature 
seems to be that the 5th and 7th ribs appear to transmit slower vibra- 
tions with greater intensity than does the 3rd rib, which is a shorter rib. 
With the transmitter over the angle of the 7th rib, the results were 
similar to those of D. B. on chart 2. Chart 3, in comparison with 
chart 2, shows that absence of the shoulder-girdle allows more of the 
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‘ibrations of relatively high frequency to pass around the 3rd rib; 
ittle or no difference is noted in transmission through the 7th ribs; 
‘ithout the shoulder-girdle there is, perhaps, less difference between 
he oscillations of the chest-wall near the top and near the bottom of 
he thorax. That suggests again the prominent influence of cage- 
esonance, which may depend more on volume than on the shape of 
he thoracic cavity. 

Chart 4: F. K. was a married woman, aged 28, who came into the 

iospital in the secondary stage of syphilis, and it was discovered on 
xamination that there was a large bone-tumor attached internally to 
he left 7th rib at about the anterior axillary line. It had given no 
ymptoms. The skin lesions cleared up rapidly and the Wassermann 
eaction promptly showed less complete complement fixation under anti- 
yphilitic treatment. Sites for percussion and auscultation were chosen 
»efore the tumor was excised and those places were used throughout 
this series. They were: transmitter over the 7th ribs in mid-axillary 
line, finger-finger percussion on sternum at level of 4th rib; transmitter 
over 7th ribs at inner borders of scapulae, finger-finger percussion on 
sternum at level of 4th rib; transmitter over 7th ribs in nipple lines, 
finger-finger percussion over 7th ribs just medial to inner borders of 
scapulae. Thus the tumor always lay between the site of percussion 
and that of auscultation. The graphic records show the places where 
the auscultating transmitter was held against the chest. 

The upper group of records on chart 4 shows the results obtained 
shortly after admission. The striking feature is the relatively small 
excursion of all vibrations on the side of the tumor. Although the 
sounds are definitely softer on the left, the rate of vibration (by count) 
proved to be only very slightly higher on that side. We consider the 
difference in pitch to be negligible. The damping caused by the tumor 
affected virtually nothing but intensity. On theoretical grounds some 
of us predicted that, since a rod oscillates more slowly when weighted, 
the rate of vibration of this patient’s left 7th rib would be slower than 
that of the normal 7th rib on the opposite side. That did not hold true 
in this case. Pressure of the massive tumor against underlying lung 
might have accounted for our results, forcing the higher inherent rate 
of compressed lung on to the weighted rib. And so, Dr. E. K. Richard 
of Rochester, New York, introduced nitrogen very adeptly into the 
left pleural cavity under the fluoroscope, giving the patient enough of a 
pneumothorax to free the tumor so that the rib could vibrate at its 
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inherent rate. The lower group of records on chart 4 shows the result 
of percussion with the artificial pneumothorax on the left side. Agaii 
the striking feature is amplitude. The rib with its tumor oscillate 
through a wide excursion. But the frequency of the vibrations whic 
are transmitted along the rib do not differ much from those of the norms 
side. The wave-form shows somewhat more periodicity (allied t 
tympany, when reflected through air). The total duration is about th 
same on the two sides. This experiment emphasizes the important effec 
of underlying conditions on the amplitude of rib-vibration. Surprisingl 
to us, the inherent frequency is not appreciably altered by the weigh 
of the tumor, either when it presses against lung-tissue or when it i 
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F. K.: Osteochondroma attached to internal surface of left 7th rib. Records show posi- 
tions of transmitter against chest: 

1: Transmitter posteriorly over angle of 7th rib; percussion on sternum. 

2: Transmitter over 7th rib in midaxillary line; percussion on sternum. 

3: Transmitter over 7th rib in nipple line; percussion posteriorly over angle of 7th rib. 


Upper: 

Records taken shortly after admission. Relative damping of vibrations transmitted 
around 7th rib on side of tumor in all 3 positions. The damping is chiefly a decrease in 
amplitude. Frequency of vibrations inappreciably higher on left. Widest excursions from 
anterior and lateral parts of 7th ribs rather than from posterior thirds on both sides. 


Lower: 
Pneumothorax on side of tumor. Marked increase in amplitude of vibration. Fre- 
quency about the same. Wave-form slightly more periodic. 


free to vibrate in the nitrogen of a pneumothorax. Wave-form is 
controlled to some extent by underlying structures. 

Chart 5: One of us (J. J. M.) removed at operation that part of the 
left 7th rib to which the tumor was attached. In spite of a tear in the 
pleura where the tumor proved to be attached, giving a sudden pro- 
nounced pneumothorax, the patient stood the operation well and two 
and a half months later another series of percussion records was taken. 
The tumor was an osteochondroma. The records in chart 5 show an 
apparent increase in rate of vibration but actual counts give figures 
which are practically the same as on the previous charts. The camera 
was running more slowly in this set. The chief point here is that, in spite 
of there being a wide gap in the course of the left 7th rib, some vibration 
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is picked up by the transmitter when it is placed over one stump and 
percussion is made over the other with the gap between them. The 
excursion is greatest when auscultation with the transmitter took place 
over the 7th rib anteriorly in the nipple line with percussion occurring 
posteriorly over the angle of the 7th rib,—incidentally, near the spine. 
How much of the vibration travelled around the gap in other parts of 
the bony thorax and how much was forced across the site of operation 
in the soft tissues cannot be said, but we suspect the former to be 
predominant. 

One further point in regard to these three records on F. K. is a rough 
confirmation of Feletti’s more exact work on nodes and antinodes in 
rib-vibration in cadavers. We auscultated with the microphone over 
each third of the 7th rib on both sides,—anteriorly in the nipple line, in 
the middle third at the midaxillary line, and posteriorly over the angle 


CuHarT 5 
Upper: 

F. K. after resection of bone tumor and the involved portion of left 7th rib. Some slight 
vibration is recorded with percussion on one stump of the rtb and the transmitter on the other 
with the gap between them. 

Lower: 

Pleural effusion and neoplastic disease of pleura on the left side. Marked damping of 
transmitted vibration around the 7th rib on side of effusion. Rapid oscillations absent. 
The slow vibrations which are present in left 7th rib have nearly the same frequency as the 
minimal vibrations which appear on percussion of the 3rd ribs on both sides; that is pre- 
sumably due to resonance of the whole thoracic cavity. 


of the rib. In line with Feletti’s results our records show that ribs 
vibrate as a whole and also that certain segments produce definitely 
wider excursions than others. The posterior third shows least amplitude. 
As Mazonn points out, that is close to the spine where the anchorage is 
firmest, and also, as Feletti suggests, that is where cartilage and the 
elasticity of the ribs are least. In our records there is no consistent differ- 
ence in intensity of vibration between the anterior and the middle 
thirds of the healthy right 7th rib. 

The lower group of records in chart 5 represents percussion on a male, 
aged 67, who died 5 months later. Autopsy showed extensive carcinoma 
of the left lung with haemothorax of the same side. The visceral layer 
of pleura was invaded but the parietal layer was not involved. At the 
time these records were taken, he had pleural effusion and was receiving 
roentgen therapy for malignant tumor of the pleura. During each 
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CHART 6 


Reproduced from Feletti: Riv. clin. di Bologna, 1882, 3 s. ii, p. 686 
On left: Vibrations of denuded ribs 
Fig. 1. 
a. Vibrations of 4th rib in girl aged 8 
b. Vibrations of 3rd rib in man aged 71 
Needle in anterior third of rib; percussion near needle. 


Fig. 2. 
a. Vibrations in rib of girl; soft part of hammer used 
b. Vibrations in rib of girl; metallic part of hammer used 
. Vibrations in rib of man; soft part of hammer used 
. Vibrations in rib of man; metallic part of hammer used 


ig. 3. Vibrations of rib of old man; percussion made 
. With hammer 

b. With finger as pleximeter 
. With ivory pleximeter 


ig. 4. Same type of subject; needle and percussion at anterior third of rib 
. With elastic part of hammer 
. With metallic part of hammer 
. With finger as pleximeter 
. With ivory pleximeter 


ig. 5. Same type of subject; needle in anterior third; percussion on posterior third 
. With elastic part of hammer 
. With metallic part of hammer 
. With finger as pleximeter 
. With ivory pleximeter 


ig. 6. Same subject; needle in anterior third; percussion on sternum 
. With mediastinal attachments intact 
. Freed from mediastinal attachments 
. After fixation of clavicles 


Fig. 7. Same subject; needle in anterior third; percussion in middle part of correspond- 
ing rib on opposite side 
a. Mediastinal attachments to sternum intact 
b. Sternum divided from mediastinum 
c. After fixation of clavicles 


On right: Vibrations of denuded ribs 
Fig. 1. Vibrations of 4th right rib of man aged 61; needle in anterior third of rib; percus- 
sion with elastic part of hammer 
a. Near needle 
b. On middle third 
c. On posterior third 
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Fig. 2. Same subject; needle in middle third; percussion 
a. On anterior third 
b. Near needle 
c. On posterior third 


Fig. 3. Same subject; needle in posterior third; percussion 
a. On anterior third 
b. On middle third 
c. Near needle 


Fig. 4. Vibrations obtained as above; needle in anterior third; percussion near needle 


a. Rib free 
b. Lung held against rib on inside of thoracic wall 


Fig. 5. Vibrations of 5th rib, separated from ribs above it, but united to those below by 
intercostal muscles; needle in middle third 
a, a’ With rib free 
b, b’ Heart held against rib from inside of thorax 
c. With water in pleural cavity 


CHART 7 


Reproduced from Feletti 


On left: Ribs united by intercostal muscles 
Fig. 1. 4th rib in girl aged 8; needle in anterior third; percussion near needle 
a. Denuded rib 
b. Rib with intercostal attachments intact 


Fig. 2. Same subject; needle in anterior third 
. Percussion near needle 
. On middle third 
. At vertebral extremity 
. On sternum 
. On middle third of corresponding rib on opposite side 


Fig. 3. Same subject; needle in anterior third; percussion with hammer and with finger 
in intercostal spaces on right and left sides 


On right: 
Fig. 1. Vibrations of 3rd rib of man aged 56 (cadaver intact); needle in anterior third; 
percussion near needle 
a. With thorax held in position of expiration 
b. With thorax held in position of inspiration 
Figs. 2 and 3. Semidiagrammatic figures of experimental results with nodes and anti- 
nodes shown by patterns of lycopodium powder. 
A represents rib, B mediastinum, C vertebra, D sternum, E lycopodium powder. 
a and b represent nodes dividing the rib into 3 segments. 
d and ¢ are nodes corresponding to division of rib into fourths. 
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photographic exposure of the film the patient held his breath in moderat 
inspiration. The microphone was placed posteriorly over the angle « 
the 7th rib on each side. The hammer was used in percussion anterior] 
over the 3rd and over the 7th ribs on both sides. The outstandir 
feature appeared when the 7th ribs were percussed. On the norm: 
right side the excursions of the oscillograph-string are seen to be wide 
the frequencies are definitely higher, and the total duration of the defle 
tions is slightly longer than on the other side. This man was the olde 
in our series. His bones were probably most densely calcified. Th: 
might explain why the vibrations on the healthy side retain a highe: 
rate of vibration, without terminating in 3 or 4 slower deflections as s 
often occurs with younger subjects. Moreover, on the side of the effu- 
sion, damping is seen to be pronounced. Also on that side there are 3 o 
4 definite oscillations which are relatively slow (low-pitched), averaging 
about 0.01 sec. The notes received posteriorly from the 7th ribs, but 
produced by striking the 3rd ribs, are very similar on the two sides. Nc 
local damping effect is evident on the normal left side. The oscillations 
which occur there also average about 0.01 sec. And so it seems that 
the pleural disease and infiltration of the underlying lung caused marked 
damping of vibrations from the percussion blow itself in the ribs directly 
over it, but that total cage-resonance came through, since that same 
rate appeared at three different sites on the chest. The damping affected 
relatively rapid vibrations. The rate of vibration along the healthy 
7th rib on the other side was rather more than occurs in younger subjects. 


DISCUSSION 


Direct percussion without the use of a pleximeter was elected as the 
means of producing vibrations. It was recognized that it is relatively; 
ineffective in setting the underlying lung into vibration, but it seemed 
simpler to control, and appeared to give a more exact measure of the 
force of impact against the surface of the chest-wall. 

t was soon learned that a normal woman would not serve as a satis- 
factory subject for our experiments. There was superficial subcutaneous 
padding even on those who looked slender when dressed and the direct 
blows of the hammer were appreciably damped in the subcutaneous 
tissue. Accordingly the control subjects were chosen, either because 
they were very slender men with normal lungs or because operation had 
removed all tissue but the skin between the bony thorax and the outside 
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surface of the body of women. The soft tissues in the chest-wall, when 
present, proved to have a very important damping effect. 

Again the patient with the bone tumor (F. K.) is an exception. Prior 
to excision of her 7th rib to which the tumor was attached, she too 
appeared rather slender in street-dress but had a disturbing amount of 
superficial subcutaneous tissue for these experiments. In her case, 
finger-finger percussion was accordingly used, so that the damping 
effect of loose subcutaneous tissue was reduced by the pressure of the 
pleximeter finger against the chest-wall. 

The bony thorax may be regarded as the frame of a wall which has a 
surface effect on percussion sounds as well as one which bounds a resonat- 
ing cavity. Some oscillations produced by the impact of the percussion 
stroke pass around the trunk in the thoracic wall,—a surface effect. 
Their frequency in the ribs can very well be high, since the impedance 
of bone is relatively low. And so it is not to be expected that the vibra- 
tions which are shown in the appended charts necessarily represent the 
fundamental frequency of the thoracic cage of each person, still less of 
their underlying lungs. The pitch of these recorded sounds, which are 
transmitted along the ribs, may be much higher than the resultant re- 
flected note which reaches the ear through air. And yet it is believed 
that the terminal parts of these sounds give one a very fair estimate of 
the pitch of the total cage-resonance. It has been repeatedly noted in 
our records that initial oscillations of high frequency disappear early, 
leaving slower vibrations which agree in rate fairly closely at different 
points on the chest. In fact, it is possible that these lingering vibrations, 
transmitted around the thoracic wall under finger-finger percussion, 
might provide the readiest way to determine the pitch of the thoracic 
cavity in persons with a heavy panniculus. 

Differences of pitch in routine percussion are the more marked the 
further away the listener stands. This was worked out by Selling (32) 
and is utilized by Professor Friedrich von Miiller in his teaching. It 
refers, of course, to the resultant percussion note which is reflected 
through air. On the other hand, the medium through which sound is 
transmitted along ribs has been repeatedly observed during auscultatory 
percussion; for example, to accentuate differences of intensity rather 
than of pitch. Accordingly, it is not surprising that,—just as a change 
of pitch and, perhaps, of duration strikes the ear on reflected percussion,— 
variations in loudness (amplitude of oscillation) strike the eye in our 
records. The most significant feature. in dealing with sounds which 
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travel along the ribs seems to be loudness. The next appears to be the 
quality of the sound as judged by the presence and arrangement of 
harmonics. 

Loudness and quality of transmitted chest-sounds have often been 
stressed by clinicians, even though the average ear cannot recognize 
slight differences in the intensity of sound nearly so accurately as it can 
those of pitch. Our instrumental methods, however, can bring out 
comparisons of the intensity relatively clearly and they show fairly good 
detail in wave-form. Indeed, the appended charts may appear to 
accentuate those features to a greater extent than is heard by the ear 
through the stethoscope. But even though the graphic records bring 
the study of percussion sounds closer to a satisfactory physical basis, 
an exact analysis of them is not yet attempted with our material. It is 
a simple matter to measure the distance between deflections which cross 
the zero horizontal axis and call that the frequency of vibration at that 
time, provided harmonics are minimal or absent. But it is not certain 
that one can measure the apparent length of a harmonic in the same way. 
It requires tracings of the curves and their analysis by the Fourier method 
(or by electrical analyzers) to give assurance that the curves are properly 
resolved. Accordingly, in this paper, attention is called only to the most 
obvious features which appear on the graphic records,—lest a false 
impression of accuracy be given. 

All oscillations: may diminish simultaneously regardless of their fre- 
quency. In living tissues that probably is not the rule. More often, 
vibrations of certain definite frequencies will be suppressed while those 
of different frequencies continue. This selective suppression may be 
called filtration. Electrical filters are well recognized, especially in the 
long-distance telephone and in allied circuits which have to do with 
conversion of electrical oscillations into sounds. These filters suppress 
certain electrical oscillations. Theoretically all electrical oscillations 
above or below a definite frequency will be completely suppressed, regard- 
less of periodicity or aperiodicity of vibration, and those of all other fre- 
quencies will not be affected at all. Practically, the electrical filters 
fail to make a perfectly complete and sharp separation. 

It has been shown very definitely by a number of clinical investi- 
gators that the thorax acts as a sound-filter. Vibrations may be forced 
on the whole thorax by the spoken voice, for example. The sounds 
which travel down through the respiratory tract and survive with sufh- 
cient intensity to be picked up on the surface of the chest are low-pitched, 
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if the subject is normal. The harmonics of higher frequency, which 
account for the difference in the sounds of different vowels, are sup- 
pressed. This holds for the whole thorax. The exenterated healthy 
lung under normal inflation is also said by several observers to act as a 
filter, suppressing chiefly sounds of high pitch. And now we believe 
that the soft parts of the chest-wall act in the same way. When vibra- 
tions from percussion travel around the thorax in a single rib, there is 
about as little selective filtration as can occur in body-tissues. But 
when vibrations pass through the soft parts as well in a vertical course 
in the chest-wall, there seems to be definite suppression of higher-pitched 
vibrations, while lower-pitched sounds are allowed to pass relatively well. 
That tendency to pass vibrations of low frequency must be greatly 
accentuated by resonance from the enclosed thoracic cavity which is 
also of low pitch.. That is definitely shown in chart 1, on the right-hand 
side, where changes of intrathoracic pressure made very marked differ- 
ences in rib-vibration,—more by far than did pressure of the hand against 
the rib on the outside of the chest-wall. But it does not seem likely that 
cage-resonance is the sole explanation of this filtration. For the records 
show that high-pitched vibrations are not so evident at different levels 
as at the same rib-level in subjects who held the chest in the same phase 
of respiration throughout. Also, the terminal vibrations may always be 
of low frequency but the initial vibrations of each percussion note are 
always high when conducted around ribs; they are not so high when 
passed across interspaces. Finally, with the patient who had the bone 
tumor, we noted postoperatively that some vibration travelled across 
(or around) the gap in her 7th rib, made by excision of the tumor; the 
oscillations which did get through were not of high pitch. The practical 
significance of this discussion lies in the fact that clinical percussion is 
almost always directed against interspaces which filter rather than 
against ribs which do not. 

This part of the discussion may be summarized as follows: The whole 
thorax intact serves as quite an efficient filter, passing sounds of relatively 
low pitch; the chest-wall is greatly influenced in the matter of filtration 
by underlying conditions; however, when vibrations spread vertically 
across ribs and interspaces in the chest-wall, it also filters out relatively 
high-pitched sounds; throughout their course the ribs themselves transmit 
all oscillations very well and consequently can hardly be said to act as 
filters at all. 

In the work which is reported here, no attempt was made to deal with 
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travel along the ribs seems to be loudness. The next appears to be the 
quality of the sound as judged by the presence and arrangement of 
harmonics. 

Loudness and quality of transmitted chest-sounds have often been 
stressed by clinicians, even though the average ear cannot recognize 
slight differences in the intensity of sound nearly so, accurately as it can 
those of pitch. Our instrumental methods, however, can bring out 
comparisons of the intensity relatively clearly and they show fairly good 
detail in wave-form. Indeed, the appended charts may appear to 
accentuate those features to a greater extent than is heard by the ear 
through the stethoscope. But even though the graphic records bring 
the study of percussion sounds closer to a satisfactory physical basis, 
an exact analysis of them is not yet attempted with our material. It is 
a simple matter to measure the distance between deflections which cross 
the zero horizontal axis and call that the frequency of vibration at that 
time, provided harmonics are minimal or absent. But it is not certain 
that one can measure the apparent length of a harmonic in the same way. 
It requires tracings of the curves and their analysis by the Fourier method 
(or by electrical analyzers) to give assurance that the curves are properly 
resolved. Accordingly, in this paper, attention is called only to the most 
obvious features which appear on the graphic records,—lest a false 
impression of accuracy be given. 

All oscillations:‘may diminish simultaneously regardless of their fre- 
quency. In living tissues that probably is not the rule. More often, 
vibrations of certain definite frequencies will be suppressed while those 
of different frequencies continue. This selective suppression may be 
called filtration. Ejectrical filters are well recognized, especially in the 
long-distance telephone and in allied circuits which have to do with 
conversion of electrical oscillations into sounds. These filters suppress 
certain electrical oscillations. Theoretically all electrical oscillations 
above or below a definite frequency will be completely suppressed, regard- 
less of periodicity or aperiodicity of vibration, and those of all other fre- 
quencies will not be affected at all. Practically, the electrical filters 
fail to make a perfectly complete and sharp separation. 

It has been shown very definitely by a number of clinical investi- 
gators that the thorax acts as a sound-filter. Vibrations may be forced 
on the whole thorax by the spoken voice, for example. The sounds 
which travel down through the respiratory tract and survive with suff- 
cient intensity to be picked up on the surface of the chest are low-pitched, 
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if the subject is normal. The harmonics of higher frequency, which 
account for the difference in the sounds of different vowels, are sup- 
pressed. This holds for the whole thorax. The exenterated healthy 
lung under normal inflation is also said by several observers to act as a 
filter, suppressing chiefly sounds of high pitch. And now we believe 
that the soft parts of the chest-wall act in the same way. When vibra- 
tions from percussion travel around the thorax in a single rib, there is 
about as little selective filtration as can occur in body-tissues. But 
when vibrations pass through the soft parts as well in a vertical course 
in the chest-wall, there seems to be definite suppression of higher-pitched 
vibrations, while lower-pitched sounds are allowed to pass relatively well. 
That tendency to pass vibrations of low frequency must be greatly 
accentuated by resonance from the enclosed thoracic cavity which is 
also of low pitch.. That is definitely shown in chart 1, on the right-hand 
side, where changes of intrathoracic pressure made very marked differ- 
ences in rib-vibration,—more by far than did pressure of the hand against 
the rib on the outside of the chest-wall. But it does not seem likely that 
cage-resonance is the sole explanation of this filtration. For the records 
show that high-pitched vibrations are not so evident at different levels 
as at the same rib-level in subjects who held the chest in the same phase 
of respiration throughout. Also, the terminal vibrations may always be 
of low frequency but the initial vibrations of each percussion note are 
always high when conducted around ribs; they are not so high when 
passed across interspaces. Finally, with the patient who had the bone 
tumor, we noted postoperatively that some vibration travelled across 
(or around) the gap in her 7th rib, made by excision of the tumor; the 
oscillations which did get through were not of high pitch. The practical 
significance of this discussion lies in the fact that clinical percussion is 
almost always directed against interspaces which filter rather than 
against ribs which do not. 

This part of the discussion may be summarized as follows: The whole 
thorax intact serves as quite an efficient filter, passing sounds of relatively 
low pitch; the chest-wall is greatly influenced in the matter of filtration 
by underlying conditions; however, when vibrations spread vertically 
across ribs and interspaces in the chest-wall, it also filters out relatively 
high-pitched sounds; throughout their course the ribs themselves transmit 
all oscillations very well and consequently can hardly be said to act as 
filters at all. 

In the work which is reported here, no attempt was made to deal with 


742 METILDI, BISHOP, MORTON AND LYMAN 


the effect of abnormalities in shape of the thorax, nor with outlines of 
internal organs by any of the methods of skin-friction, nor with diagnosis 
of fractured ribs by auscultatory percussion. 


SUMMARY AND CONCLUSIONS 


1. Graphic records of vibrations transmitted around the chest-wall 
in the ribs of living subjects are presented, with discussion. 

2. They confirm in large part the work on vibrations in ribs done by 
Feletti in 1882 on cadavers. 

3. The acoustic action of ribs in their transmission of vibrations from 
percussion may, then, be reviewed: 


Ribs vibrate as integral parts of the whole chest em masse. In 
other words, the thoracic cavity forces vibrations on the ribs. 

And yet ribs, in part, vibrate independently of the chest-cavity. 
The ribs do not force all of their vibrations on the thoracic cavity. 

Ribs also enter into vibrations of the chest-wall, considered as a 
whole. That is, vibrations in the chest-wall are forced on to adja- 
cent ribs. 

And yet each single rib, in part, tends to vibrate independently of 
the chest-wall; that is, each rib does not force all its vibrations on to 
adjacent parts of the chest-wall but does transmit those vibrations well 
throughout its own length. 

Vibrations from percussion travel best around the chest-wall in the 
ribs. Anterior percussion courses upward and back; posterior percus- 
sion is conducted downward and forward. 

Each rib on percussion tends to vibrate as a whole. In that respect 
it acts as a long pleximeter. 

And yet, in addition, there are “nodes and antinodes” (Feletti). 
The anterior parts, which are less tightly fixed and of less rigid structure, 
show wider oscillation than the posterior third. 

Isolated ribs transmit freely all vibrations of frequencies up to at 
least 1000 vib./sec. Accordingly, they do not act as filters. 

Ribs attached to the soft tissues of the chest-wall show some damp- 
ing but still transmit all frequencies well. 

Vibrations which spread across ribs and interspaces, vertically in 
the chest-wall, suffer selective suppression of the higher frequencies; 
that is, there is filtration. 
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Transmitted rib-vibrations show pronounced variations in amplitude 
under altered physiological and in certain pathological conditions of the 
chest. Damping appears chiefly as diminution in the excursion of 
oscillations, when limited to the rib. 

Wave-form varies in rib-variation to some extent. 

Frequency of oscillation due to percussion usually yields little infor- 
mation about transmitted vibrations limited to the course of ribs. 

Frequency is significant only when it represents forced vibrations 
from some underlying condition; for instance, pleura, lung, or elsewhere 
in the thoracic cage. 

Transmitted rib-vibrations upon percussion generally show initial 
wide irregular oscillations at any frequency, which probably represent 
displacements due directly to the impact on the rib; that is often followed 
by slower and smaller oscillations which occur at the same rate at differ- 
ent places on the chest-wall; those oscillations may well represent vibra- 
tions of the total thoracic cavity (including lungs), which are forced 
outward on to the ribs. 

Relatively slow vibrations, appearing alone in the ribs, point toward 
underlying conditions, perhaps the total resonance of the thoracic cavity, 
as the source. 

Vibrations of high rate cannot be assigned to any single origin on 
that score alone. Ribs normally transmit high vibrations on percussion; 
dense structures around the ribs would also force vibrations of high fre- 
quency on to the ribs. 

Change of intrathoracic pressure and many lesions of the chest 
(especially of the pleura) affect transmission of vibrations in ribs greatly. 
Pressure by the hand against ribs on the outside of the chest-wall has 
relatively little effect on transmitted vibrations. 

From the clinical standpoint, vibrations carried along ribs warrant 
most consideration in abnormalities of the bony thorax, such as scoliosis, 
aftermaths of rickets, etc. 


Clinical application of surface-transmission of vibrations in the 
chest-wall has been developed in ‘“‘auscultatory percussion.” 

In auscultatory percussion by any method, changes of intensity of 
sound (loudness, softness) are of chief significance. Change of timbre is 
of some importance. Change of pitch is unessential. 

Some literature on auscultatory percussion has been reviewed but 
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no experiments. were carried out here with any method of skin-friction 
as the source of sound. 

Soft tissues in the chest-wall have a pronounced damping effect on 
vibrations and they provide great variation in different individuals. 


REFERENCES 


(1) ALEXANDER, R. M.: N. Y. Med. Journ., 1917, cv, 1242. 
(2) BENDERSKY, J.: Wien. med. Wchnschr., 1894, xliv, 1560. 
(3) Benepict, A. L.: Med. Rec., 1919, xcv, 561. _ 
(4) Brancut, A.: Rivista Clin. di Bologna, 1884, 3 s. iv, 61. 
(5) Bran, A.: Berl. klin. Wchnschr., 1902, xxxix, 362. 
(6) Bucu, M.: Deutsch. med. Wchnschr., 1901, xxvii, 655. 
(7) Cammann, G. P., AND CLARK, A.: N. Y. Journ. Med., 1840, iii, 62. 
(8) pE ta Camp: Verhandl. d. Kongr. f. inn. Med., 1904, xxi, 208. 
(9) De Mussy: 1876, quoted by ZuELZER, GROTE, ALEXANDER, 4.9. 
(10) Fetett1, R.: Rivista Clin. di Bologna, 1882, 3 s., ii, 686. 
(11) GoLpsCHEIDER: Deutsch. Arch. f. klin. Med., 1908, xciv, 480. 
(12) Grote, G.: Deutsch. med. Wchnschr., 1902, xxviii, 221. 
(13) HamBurceR: Miinch. med. Wchnschr., 1928, Ixxv, 401. 
(14) HENscHEN: quoted by RUNEBERG, g.v. 
(15) HorMann, J.: Miinch. med. Wchnschr., 1901, xlviii, 1384. 
(16) Jackson, F. W.: N. Y. Med. Journ., 1891, liii, 709. 
(17) Junpett, I.: Zentralbl. f. inn. Med., 1908, xxix, 869. 
(18) LAENNEC, R. T. H.: Traité de l’auscultation médiate, ed. 4, Paris, 1837. 
(19) Lennporrr, A.: Wien. Arch. f. inn. Med., 1922, iii, 45. 
(20) Martrnt, P.: Deutsch. Arch. f. klin. Med., 1922, cxxxix, 65 & 167. 
(21) Mazonn, J. F.: Vierteljahrschr. f. d. prakt. Heilk., 1852, xxxvi, 1. 
(22) Metitp1, P. F., anp Lyman, R. S.: Amer. Rev. Tuberc., 1929, xix, 353. 
(23) Mrnerst, C.: Deutsch. Arch. f. klin. Med., 1929, clxiii, 315. 
(24) Muuer, F.: New England Journ. Med., 1928, cxcix, 807. 
(25) Pat, J.: Wien. med. Wchnschr., 1902, lii, 354. 
(26) REICHMANN, E.: Deutsch. med. Wchnschr., 1901, xxvii, 799. 
(27) RocEr, H.: L’union med., 1850, iv, 294. 
(28) RUNEBERG, J. W.: Ztschr. f. klin. Med., 1901, xlii, 81. 
(29) Sacco, C.: Riforma med., 1926, xxxii, 750. 
(30) SEAMAN, L. L.: Med. Rec., 1890, xxxviii, 64. 
(31) SEmRwatp: Deutsch. Arch. f. klin. Med., 1904, lxxix, 450. 
(32) Seturnc, T.: Ibid., 1907, xc, 163. 
(33) Sara, A.: Verhandl. d. Kongr. f. inn. Med., 1900, xviii, 364. 
(34) TurBaAN: Miinch. med. Wchnschr., 1927, lxxiv, 1399. 
(35) Vrerorpt, K.: Ztschr. f. Biol., 1883, xix, 101. 
(36) Vrixtart, P.: Gior. internaz. d. sci. med., 1898, xx, 493. 
(37) Wess, G. B.: Jour. Am. Med. Ass., 1927, lxxxviii, 99. 
(38) Zuetzer: Berl. klin. Wchnschr., 1877, xiv, 636. 


rie 
‘ 
- 


THE ROLE OF THE LEUCOCYTES IN TUBERCULOSIS 


BENJAMIN L. BROCK? 


Immunity in tuberculosis is relative. Not only does it vary greatly 
in different persons, but it also varies in the same individual during 
different periods of the disease. It is because of this inability to acquire 
a lasting immunity to the disease that the tuberculous individual is 
always a potential subject for relapse. It may be during one of these 
periods of lowered resistance that partially healed tubercles are broken 
down and a spread of the disease to healthy tissue takes place. 

Unfortunately we are, in many instances, unable to detect pathological 
activity and spread of the disease until immunity is lowered sufficiently 
to cause our usual criteria of clinical activity to become manifest. Physi- 
cal signs may be and often are of little value in aiding in the detection of 
new pathological change. Occasionally in the routine X-ray examina- 
tion of the chest definite parenchymatous increases may be observed 
without the slightest evidence of clinical activity. With the institution 
of proper bed-care, such cases are often spared the possibility of severe 
relapses. Those patients who are not so fortunate as to have an X-ray 
at this particular period and who later begin to run a clinically active 
course are the ones we would like to detect, if possible, before such a 
stage is reached. 

How can we believe then, that our present criteria for clinical activity 
are delicate enough or sufficient? Must we wait for definite elevation of 
temperature and pulse and symptoms that usually accompany these? If 
it is possible by the use of some simple laboratory test to predict with 
any degree of certainty the immediate outcome of a case before definite 
X-ray increases are evident and clinical activity sets in, we should use 
such a procedure along with our other routine examinations. It has 
been shown previously by various investigators that the leucocytes of 
the peripheral blood, studied periodically, give us a truer picture of the 
tuberculosis patient’s condition when used in conjunction with the 
clinical course of the patient, the X-ray and the physical signs. Further 
it has been shown that the leucocytic picture often gives us valuable in- 
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formation concerning the immediate prognosis of the case when the 
ordinary methods of examination and judgment of it have failed. It will 
be attempted in this paper to corroborate some of the findings previously 
published by other investigators and to advance one or two other theories. 

Cunningham, Sabin, e¢ al., very clearly state that tuberculosis is a 
disease of the monocyte. They believe that the monocytes harboring 
the bacilli within their cytoplasm act as carriers of the infecting micro- 
organisms which spread the disease in healthy tissue. The authors have 
given particular attention to the monocyte-lymphocyte ratio in their 
estimation of the type of tuberculosis in a given patient. Thus the 
reversal of the normal ratio, which they found to be 1 to 2.97, means 
to them a malignant stage of the disease. On the other hand a com- 
parative increase in the lymphocytes above the normal ratio means 
arrested or healing disease. These authors believe that when there is 
definite elevation of the polymorphonuclear leucocytes mixed infection 
exists. 

Blackfan has paid attention to the monocyte-lymphocyte ratio, as 
have the above authors, and has drawn similar conclusions regarding its 
significance. 

Medlar urges that the total leucocyte count together with the differen- 
tial percentages be studied if the maximum information is to be obtained. 
He ascribes to the monocyte the chief réle in new tubercle-formation, 
whereas he considers the neutrophile to play the decisive part in tuber- 
culous abscess-formation. A definite increase in this latter cell is brought 
about, he thinks, by tissue injury and in this respect does not feel that 
mixed infection is present. The lymphocyte predominates when the 
tubercles are healing. In brief, Medlar concludes that, when definite 
increase of neutrophiles and monocytes is present in a given tuberculous 
individual, spread of the disease with abscess-formation is indicated. 
Conversely, when there is a closely related increase of lymphocytes and 
monocytes with the neutrophiles remaining around normal, definite 
repair is taking place, and hence good prognosis. When the lymphocytes 
are normal or below normal, little or no healing is occurring. He, as 
well as others, has placed no definite significance on the eosinophile and 
basophile. 

Flinn and Flinn take into consideration both the monocyte-lymphocyte 
ratio and the lymphocyte-neutrophile ratio in estimating the type of 
tuberculosis present. 

In his experimental work on guinea pigs injected intraperitoneally 
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with virulent and avirulent tubercle bacilli, Gardner has shown that the 
predominant cell in the peritoneal fluid, previous to the development of 
skin hypersensitiveness, is the monocyte. One or two days before the 
development of allergy, the monocytes begin rapidly to diminish and 
the lymphocyte becomes the predominant cell. He also found that, 
even in rapidly progressing disease and just before death, the lympho- 
cytes had not dropped to their original number before tissue allergy 
began. Hestates that lymphocytes per se have not been shown definitely 
to protect against invasion by the tubercle bacillus. Reference will 
again be made to this in the discussion. 


PROCEDURE 


Total and differential counts were made on 42 tuberculosis patients 
over a period of six months. During the first three months of the study 
these counts were made on each individual at weekly intervals and 
throughout the last three months at two-week intervals. The curves 
plotted during the first three months were uniform to type in the great 
majority of cases and showed little variation from their course. For 
this reason it was felt that practically as much information could be 
obtained by examining the blood at longer intervals of time. 

Since it has been shown that the total white count varies considerably 
in a given individual at different times of the day, all the technical work 
in this study has been done between the hours of nine and ten in the 
morning. The bloods were taken by skilled laboratory technicians who 
also made the total counts and prepared the blood-smears for examina- 
tion. The differential counts were made by the author. Two hundred 
white cells were counted in making the differentials. The basophiles 
and eosinophiles are not included in the charts in order to simplify 
them. The smears were prepared according to Wright’s method. In 
the beginning of this work both the oil-immersion and high-power dry 
lenses were used. After a time it was found that a negligible percentage 
of error was being made in the use of the high-power dry lens; so this 
method of examination was employed. Medlar found this to be the 
case in his work. | 

In estimating the normal differential counts of the leucocytes, an 
arbitrary upper limit of 5,000 for neutrophiles and 700 for monocytes 
was taken. A count of 2,000 was considered the normal level for lym- 
phocytes. Each space along the abscissa in the charts represents the 
time element of one week, whereas along the ordinate a space represents 
500 cells. 
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Of the 42 cases studied, total and differential counts have been made 
on 37 of them throughout the period of six months as indicated above. 
Of the remaining 5 cases, 2 died within two months after the study was 
begun and the other 3 were discharged after three months. The patients 
that died showed typical septic types of leucocytic pictures. The 
patients studied in this series are all in the moderately advanced and far- 
advanced groups. All are adults and their ages vary considerably. Of 
the patients discharged, one was clinically active, one improved and 
one unimproved. Nineteen of the patients have had varying degrees of 
clinical activity at some period during this study. Most of these have 
shown a definite tendency toward clinical inactivity during recent 
months, however, and some have become inactive. Twenty-three of the 
patients have been inactive clinically throughout the study. Many of 
these however have shown progressive disease with increase in the size 
of cavities. The important point to be brought out is that, regardless 
of any evidence of clinical activity, all cases showing progressive dis- 
ease have a septic type of leucocytic picture in varying degrees. Again 
it has been found that some of the cases showing continuous clinical 
improvement, with definite evidence of healing according to X-ray and 
physical signs, have throughout the study given a slightly septic type of 
picture with continuous elevation of neutrophiles. It is felt in such 
cases that the leucocytic picture portrays the pathological lesion in a 
truer light than do the clinical findings, and such patients should be 
watched carefully and given exercise guardedly. Several patients have 
received artificial pneumothorax with fairly good collapse over several 
months’ duration and with cessation of clinical symptoms, and yet the 
neutrophiles have remained high, showing that definite activity still 
exists in the collapsed lung with a tendency to abscess-formation. Only 
three of the cases in this study, which have shown continuous X-ray 
clearing throughout their stay in the Sanatorium, have given blood 
pictures indicative of healing with no evidence of progression or abscess- 
formation. 

Typical septic leucocytic pictures are illustrated graphically in the 
accompanying charts. Typical curves representing healing processes in 
which the lymphocyte plays the predominant réle, with the neutrophile 
and monocyte remaining around normal, are also treated. All grada- 
tions between these types have been found to exist. The neutrophile 
may be seen to be slightly elevated in some cases with the lymphocyte 
varying considerably in numbers. Such a picture is interpreted as 
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representing slight pathological activity, with breaking-down of tissue 
and abscess-formation and at the same time with definite healing going 


on in other foci. 

It shall not be attempted to publish a graphic description of all the 
cases studied in this series, but on the other hand a few have been se- 
lected to illustrate the important types in question. 


Cases and Interpretations 


Case 1: V. C., white female, aged 22. Admitted to Sanatorium February 16, 
1929. Dztagnosis: Far-advanced both on physical examination and X-ray. 
Bilateral involvement with two large cavities in upper third of right lung. 
Artificial pneumothorax not advisable because of too extensive involvement in 
contralateral lung. Patient has shown no elevation of temperature, except 
for a rare rise to 100°, during entire stay in institution. Pulse has always had 
a tendency to be high, however, 90-120. X-ray, June 5, 1929, shows cavities 
much larger, with the development of another cavity in middle third of right 
lung. Again, July 15, 1929, cavities were seen to be enlarging. On August 
16, 1929, right phrenicectomy was performed. 

Twenty total and differential leucocyte counts were done on patient, begin- 

ning March 6, 1929, and ending September 13,1929. Counts ranged between 
10,000 and 22,600. The neutrophiles ranged from 65 to 89 per cent, lympho- 
cytes 8 to 30 per cent, and monocytes 1 to 9 per cent. 
Chart 1: Gives a graphic description of the differential leucocytic picture over 
a six months’ period. The neutrophiles have at all times been very definitely 
elevated. The lymphocytes have for the most part been definitely increased 
in numbers except in May and during the last month. The monocytes had 
been variable, but for the most part definitely elevated except for the past two 
months, when they were greatly diminished. Throughout the study this 
patient has shown a very septic type of blood picture. There was a slight 
improvement in it, however, immediately following phrenicectomy. This 
type of picture has been constantly seen in all the cases in this series with 
progressive disease and cavity-formation. 

The elevation of neutrophiles means abscess-formation. The lymphocytes, 
although elevated and endeavoring to heal some of the tubercles, are appar- 
ently playing a minor réle in this case. For the most part there has been 
progressive disease with new tubercle-formation, as evidenced by the rise in 
monocytes. Toward the end of the study there has been little evidence of new 
tubercle-formation. The slight ascent of the diaphragm following phrenicec- 
tomy may have had a beneficial effect on condition. Patient feels well and 
has gained 14 lbs. since admission. 
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Case 2: P. P., white female, aged 16. Admitted to Sanatorium February 6, 
1929, with clinically active moderately advanced pulmonary tuberculosis. 
Periodically, for a week to ten days at a time, temperature up to 100°-101°. 
Pulse 100-120. A small cavity, seen on admission in first interspace on left, 
was found to be definitely larger in May, 1929, and patient was put in far- 
advanced group. Artificial pneumothorax was begun at this time, and up to 
date the lung is not completely collapsed because of adhesions. There was a 
sharp drop in neutrophilic count following the initial treatments of pneu- 
mothorax, but it never reached normal and soon made a rapid rise again. On 
April 26, 1929, the total white count went to 35,300. 

Chart 2: Gives the graphic picture of the differential leucocytic counts in a 
clinically active case of pulmonary tuberculosis. This type of curve again 
represents progressive disease with abscess-formation. The constant high 
neutrophilic counts reflect the pathological condition in the lung; for instance, 
breaking down of tissue with abscess-formation. The monocytes again are 
variable, being for the most part elevated in the beginning and dropping con- 
siderably since artificial pneumothorax was begun. There is little evidence of 
new tubercle-formation since this time. The lymphocytes are again elevated 
above normal, showing some healing to be taking place in the face of progress- 
ive disease. This patient is much improved clinically since artificial pneu- 
mothorax was-instituted and yet the blood picture remains definitely septic in 


type. 


Case 3: A. W., white female, aged 18. Admitted to Sanatorium April 22, 1928. 
Diagnosis: Far-advanced, with extensive bilateral disease, with cavity two 
inches in diameter in left lung. X-ray examination, February, 1929, showed 
very definite clearing throughout both lungs, cavity about the same size. At 
this time the study of patient’s blood was begun. Again, June, 1929, there 
was further clearing in both lungs, as shown by X-ray. On August 3, 1929, 
X-ray showed the cavity definitely larger in the left apex with further clearing 
onright side. At no time during her stay in the Sanatorium have the patient’s 
temperature and pulse been beyond normal limits except for rare slight eleva- 
tions. 

Chart 3: Shows a differential blood picture definitely different from the two 
preceding. Although the neutrophiles are increased in numbers well above 
the normal line and thus indicating tuberculous abscess-formation, the lym- 
phocytes play a very important réle in the picture. They are seen to be rather 
markedly increased in numbers and indicate definite healing. The serial X- 
ray pictures agree with the blood picture in this respect. The enlargement of 
the cavity means abscess-formation. The monocytes have for the most part 
remained around normal except for one or two slight rises. This signifies that 
there is little or no new tubercle-formation taking place. It is believed that 
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this patient should be treated as if clinically active so long as her blood picture 
remains septic in type. 


Case 4: M.S., white female, aged 18. Admitted to Sanatorium December 21, 
1928. Only complaints were loss of strength, cough, and cold of a month’s 
duration. Diagnosis: Moderately advanced on X-ray. Bilateral involve- 
ment. Few moderately coarse rales on inspiration heard above clavicle on 
right. Nocomplications. X-ray taken March 2, 1929, showed a very definite 
increase in collateral inflammation surrounding the infiltration in upper half 
of right lung. On June 4, 1929, there had been a very definite clearing in this 
region. On September 11, 1929 slight clearings in both uppers. The patient 
has at no time had a positive sputum, and except for a rare slight rise in tem- 
perature and pulse she has been clinically nonactive. She has been on gradu- 
ated road exercise during the past two months. 

Chart 4: Illustrates graphically the leucocytic picture. The blood study was 
begun on March 8, 1929. Since the definite X-ray increase in March, 1929, the 
patient has shown continued improvement in succeeding X-rays and from this 
as well as from the clinical standpoint the case appears to be favorable. She 
has nevertheless had an almost persistent slight elevation of neutrophiles, 
showing the pathological lesion to be unstable with slight evidence of abscess- 
formation. The lymphocytes have been constantly increased in percentage, 
indicating definite healing. The monocytes would not indicate new tubercle- 
formation. This patient should be carefully watched and her exercise limited 
even though the X-ray shows continued clearings. 


Case 5: S. B., white male, physician, aged 24. Admitted to Sanatorium 
December 7, 1928. Patient, while working in pathological laboratory, noticed 
that he was tired but attributed it to his work. He examined his own sputum 
and to his surprise found tubercle bacilli. Other than slight cough and expec- 
toration, together with loss of strength, he has had no symptoms. There 
have been no symptoms during his stay in the institution. His temperature 
and pulse have been within normal limits since admission. X-ray on admis- 
sion showed moderately advanced tuberculosis confined to upper half of right 
lung. No cavities, no complications. X-ray in February showed slight 
clearing as did one taken in May. X-rays in July and September, 1929, 
showed questionable slight clearings in the right upper. No rales have been 
heard since admission. Patient has gained only 5 lbs. during his stay in the 
institution. The study of the leucocytes began March 12, 1929. 

Chart 5: Shows the various leucocytic curves. As can be seen the neutrophiles 
have almost always been moderately elevated. The elevation in the lympho- 
cyte counts indicates healing as expected from X-ray. The monocytes show 
little or no evidence of new tubercle-formation. Again this type of blood pic- 
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ture with slight but definite elevation of neutrophiles indicates an unstable 
lesion and such a patient should be allowed to go ahead with his work very 


slowly. 


Case 6: M. B., white female, aged 18. Admitted to Sanatorium October 29, 
1928. Diagnosis: Moderately advanced on X-ray. Unilateral involvement. 
Few moderately coarse rales after cough to second rib and third vertebral 
spine. No complications. Patient gave a history of coughing up a mouthful 
of blood shortly before admission. No other symptoms except slight cough 
and slight loss of strength. There have been no symptoms whatever during 
entire stay in Sanatorium. Sputum always negative. Periodic X-rays 
showed continuous clearings until August 24, 1929, when patient had developed 
a slight exudative spread in second interspace of contralateral lung. Physical 
examination revealed no signs of the increase. There were no symptoms. 
Temperature and pulse normal. Patient had been on graduated exercise up 
to this time and had, at the time of the X-ray spread, one hour twice daily. 
She left the institution against advice, but has remained in bed without the 
development of symptoms. She had gained 11 lbs. during her ten months’ 
stay in Sanatorium. 

Chart 6: Gives a graphic description of blood findings. This case illustrated 
clearly how pathological increases occur without the slightest evidence of them 
clinically. Routine X-ray examination revealed the lesion in time to prevent 
a possible further spread. X-ray, June, 1929, at the time the neutrophiles be- 
gan to rise, showed further clearings over previous films. It is evident there- 
fore that the blood picture asserted itself before the lesion became manifest 
in the X-ray. In other words, the pathological change took place at some 
time between June and September. This would show that the pathological 
change manifests itself first in the blood picture, later in the X-ray, and last 
in clinical symptoms. From this it is felt that a rising total count with defi- 
nite increase in the percentage of neutrophiles is significant and such a patient 
should be taken off exercise and treated as if clinically active. 


Case 7: K. B., white female, aged 20. Admitted May 24, 1928. Blood work 
begun March 11, 1929. Only symptoms patient gave in history were loss of 
weight and strength. Diagnosis: Moderately advanced on X-ray on ad- 
mission. Involvement of upper thirds of both lungs. Very small cavity in 
first interspace of left lung, no complications. X-rays taken at three-month 
intervals showed continuous clearings up to September 15, 1929. This X-ray 
showed no changes. There have been no symptoms throughout stay in insti- 
tution. Pulse and temperature normal. Sputum positive, Gaffky II, on one 
occasion. Gained 16 lbs. while in the Sanatorium. Patient was discharged, 
September 15, 1929, and at that time was taking one-hour exercise, twice 
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daily. Has been working for past two months as stenographer, and is feeling 
fine and gaining in weight. Blood work completed on September 13, 1929. 
_ Chart 7: Illustrates blood findings in this case. The neutrophiles have been 
in the majority of instances definitely below their normal base-line, showing 
no tendency in the pathological process to abscess-formation. The monocytes 
have always been below their normal base-line, showing that little or no new 
tubercle-formation is taking place. The lymphocytes have always been above 
normal in percentage. This shows repair to be in progress. This case is of 
the favorable type and the prognosis is considered good. 


DISCUSSION 


The conclusions drawn in this paper are based on the interpretation of 
the leucocytic pictures in 42 tuberculous patients studied over a period 
of six months. Typical findings are illustrated in the accompanying 
charts and correspond closely to those published by Medlar. The total 
white counts and differential counts, when studied in conjunction with 
the general clinical course of the patient, reveal very interesting results. 
In a few of the cases in this series the blood picture follows very closely 
the clinical course of the patient. In those that show a rather marked 
variation from the expected course, it is believed that the leucocytic 
picture is a more valuable aid than the clinical findings in estimating the 
type of case in question. In other words, as has been frequently seen in 
this series, many patients who have been running a nonactive course 
clinically show blood pictures which are septic in type. Such patients, 
it is believed, have a pathologically active and unstable lesion and 
should be treated as if they were clinically active. 

From this work it is believed that, if the pathological lesion is to be 
correctly visualized in a given tuberculous individual, the total white 
count together with the differential counts of neutrophiles, lymphocytes 
and monocytes must be emphasized. There is very good evidence to 
show that each type of white cell serves a specific function in the patho- 
logical lesion. One very outstanding finding in all the clinically active 
cases in this group, as judged chiefly by elevation of temperature and 
pulse, is the high total white count with remarkable increase in the per- 
centage of neutrophiles. The important point, however, is that all 
these cases showed progressive disease with cavity-formation. This is 
borne out by the fact that several patients, who have been running a 
clinically nonactive course, but who show progressive disease with cavity- 
formation, give the same type of septic differential picture. It appears 
evident, therefore, that the neutrophile plays a definite and important 
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réle in tuberculosis and when present in increased numbers signifies pro- 
gressive disease with ulceration and abscess-formation. Krause believes 
that the tubercle bacillus cannot be set aside as incapable of producing 
pus. He states that “again and again we find necrosis and abscess- 
formation in tuberculosis under conditions in which the activities of 
bacteria other than tubercle bacilli never come into question, in the cold 
abscess, for instance, or in renal tuberculosis.” Medlar goes a step 
further in stating that the reaction is probably due to chemical altera- 
tions in the pathological lesion which call for this specific type of cell, 
the neutrophile. 

It has been conceded by many writers that the lymphocyte plays a 
very important réle in the healing of tubercle. Gardner states that the 
lymphocyte per se has not been shown definitely to protect against in- 
vasion by the tubercle bacillus. He has found the lymphocytes to 
increase in the peritoneal fluid of guinea pigs previously injected intra- 
peritoneally with tubercle bacilli. This increase was found to take place 
with the onset of allergy and simultaneously with a decrease in numbers 
of the monocytes in the fluid. If we consider the monocyte the chief 
cell in new tubercle-formation, it appears that when allergy sets in the 
disease ceases its spread, temporarily, at least; the monocytes are no 
longer prominent in the formation of new tubercle and the lymphocyte 
takes an important rdéle in fixing or checking the spread of the disease. 
Krause attributes this fixation to allergy. Rich, on the other hand, 
does not attribute this fixation to the inflammation of allergy. He states 
that ‘tubercle bacilli cannot live as well and are more rapidly destroyed 
in the immune body.” He does not make it clear however just how the 
microérganisms are destroyed except to state that “‘if held fixed at the 
site of reinfection it is more probable that they are held by some precipi- 
tin like mechanism.”’ On purely theoretical grounds, since a rise of 
lymphocytes in the peritoneal fluid, as shown by Gardner, is a concomi- 
tant feature with the development of tissue allergy in the animal, why 
should it not be concluded that the lymphocytes are not only manifesta- 
tions of the allergic state, but also that they are produced at this particu- 
lar period as a result of allergy to serve as the principal factor in fixing 
bacilli and limiting their spread? 

It is a well-known fact that tubercle has a constant tendency to heal. 
In any case with rapidly progressive and fatal disease some evidence of 
healing can always be found. Gardner showed that the lymphocytes 
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had a tendency to diminish in the peritoneal fluid in rapidly progressive 
and fatal disease, but he always found that they did not diminish to 
their former level before tissue allergy set in. This would tend to show 
again that the lymphocyte in tuberculosis is always attempting to heal 
the lesion even against great odds. Rich again states that “when acute 
inflammation occurs around a quiescent focus there is a pronounced 
,tendency, not to the immobility of the bacilli at the site, but to their 
spread from it.” “No attempt,” he states, “has been made to reconcile 
this fact with the assumption that severe acute inflammation can pre- 
vent the immediate spread of bacilli.” It would appear, therefore, that 
the size of the infecting dose of bacilli, together with their virulence, 
whether they be injected into an experimental animal or carried in a 
bronchogenic spread to new tissue in the lung of a tuberculous patient, 
would be the deciding factor in determining whether the lymphocyte 
would finally get the upper hand with resulting healing of the lesion. 
Again it has been shown that an elevated percentage of lymphocytes in 
the peripheral blood, with the neutrophiles remaining around normal, 
indicates healing. When such a blood picture existed in this series it 
was found that the clinical course of the case, together with the X-ray find- 
ings, was consistent with healing. 

From the findings in this study and as illustrated in the charts, it is 
believed that the monocyte plays the chief réle in new tubercle-forma- 
tion. A rise in monocytes has been shown to be a rather prominent find- 
ing in the majority of the cases that showed a high total count with defi- 
nite elevation in the percentage of neutrophiles. Such a picture signifies, 
the author believes, progressive disease with abscess-formation. The 
lymphocytes may vary considerably in such cases signifying an attempt 
at healing at great odds. A definite rise in monocytes, in a case in 
which the lymphocyte is playing the prominent réle with the neutrophile 
around normal limits, has not been a prominent finding in this study. 
Medlar, on the other hand, has found definite elevation of the monocytes 
in cases showing marked evidence of healing. There were only three 
cases in this series which showed definite evidence of healing with no 
evidence of abscess-formation or new tubercle-formation. In all cases 

the monocyte always remained within normal limits. In addition, it is 
believed on theoretical grounds that such a picture indicates a more 
truly retrogressive lesion than would be the case when the monocyte is 
also elevated along with the lymphocyte. 
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SUMMARY 


1. Progressive tuberculous disease may frequently be present without 
the slightest evidence of any symptoms of clinical activity. 

2. Periodic studies of the total and differential leucocytic counts often 
give us a truer picture of the tuberculous condition than does the clinical 
course of the case. 

3. Each type cell, the neutrophile, the lymphocyte and monocyte, 
plays an important réle in the pathological process. No definite réle 
has as yet been ascribed to the eosinophile or basophile. 

4, The neutrophile plays the part in tuberculous abscess-formation. 
Elevation in the percentage of neutrophiles over a period of time is in- 
dicative of breaking down of tissue with abscess-formation. ‘The total 
count with the percentage of neutrophiles denotes the degree of activity. 

5. The lymphocyte plays the important réle in the healing of the lesion. 
A definite increase in the percentage of lymphocytes, when the neutro- 
philes remain around normal over a given period, is indicative of healing. 
In such cases the monocytes have been found to be within normal limits 
in this study. 

6. The monocyte plays the chief réle in new tubercle-formation. 
Elevation in the percentage of monocytes has been a rather consistent 
finding in cases showing definite elevation in percentage of neutrophiles. 
Such a picture indicates spread of disease with abscess-formation. 

7. When definite elevation in percentage of all three type cells is 
present in a given case over a given period, a combination in varying 
degrees of extension with abscess-formation and healing of the disease is 
indicated. 

8. From this study it has been found that clinically active tuberculosis 
and progressive pathological disease respond with septic types of leuco- 
cytic pictures. A study of the leucocytes, therefore, would be indicated 
as a rout ne only in border-line cases without fever orrapid pulse. Again 
it may be very helpful as an index to beginning or increasing exercise in 
many doubtful cases. 


I wish to express to Dr. Lawrason Brown my deep appreciation for his helpful suggestions 
in this study and for the stimulus he has given me in writing this paper. 

I also wish to thank Miss Katherine Smith and Mrs. Addie Hansborough, laboratory tech- 
nicians in the Waverly Hill Sanatorium, for their very valuable technical assistance, and 
Mr. Maximilian Schultz for his interest and skill in preparing the charts. 
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THE CLINICAL VALUE OF THE MONOCYTE COUNT IN 
PULMONARY TUBERCULOSIS 


Studies by the Supravital Staining Technique! 


LUCY L. FINNER 


Notwithstanding a voluminous literature on the cytology of the blood 
in tuberculosis, the clinician is not inclined to place great emphasis upon 
the blood examination as an aid in the diagnosis and study of a tubercu- 
losis patient. Baldwin, Petroff and Gardner (1), in their review on the 
laboratory aspects of clinical tuberculosis, have concluded that the differ- 
ential leucocyte count is of uncertain diagnostic or prognostic value. 

Renewed interest in the study of the tuberculous blood picture was 
stimulated when, in 1925, Cunningham, Sabin, Sugiyama and Kindwall 
(2) reported their observations on the cellular reactions of tuberculous 
rabbits, as studied by the supravital staining technique. This technique, 
originated by Pappenheim, and adapted to the study of the white blood 
cells by Sabin (3) in 1921, had so far been utilized primarily for studies 
of cellular development, although Sabin (4), as well as Simpson (5), had 
used it in making differential counts of the circulating leucocytes. While 
it has revealed new information regarding the properties of the various 
strains of cells, it has been found especially useful for differentiating the 
mononuclear groups, and for this reason is particularly adaptable to the 
study of the blood picture in tuberculosis. 

As the published clinical data obtained by use of this relatively new 
technique are still limited, we are presenting a summary of the blood 
counts made over a period of about six months at the Edward Sanato- 
rium, where the technique has been used routinely. 


LITERATURE 


Excellent summaries of the literature on the blood picture in tubercu- 
losis, as studied by Wright’s technique or other methods in which the 


1 From the Edward Sanatorium, Naperville, Illinois, and the Department of Pathology of 
the University of Chicago. 
? This investigation was supported by the Chicago Tuberculosis Institute. 
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cells are stained after fixation, have recently been made by Kalkbrenner 
(6), Morriss and Tan (7), and Cunningham and Tompkins (8). It is 
therefore not necessary to refer to the many separate publications here. 
There is considerable agreement that the majority of clinical cases of 
tuberculosis have a leucocytosis, which is higher the more extensive and 
active the lesion, and that progressive cases show a relative increase in 
polymorphonuclear neutrophiles, and a low percentage of lymphocytes, 
while in cases with good resistance the lymphocytes and eosinophiles 
tend to be high. The polymorphonuclear leucocytosis is believed by 
most writers to indicate a secondary infection with pyogenic microérgan- 
isms. Medlar (9) regards it rather as a reaction to damaged tissue. 

In 1925, Cunningham, Sabin, Sugiyama and Kindwall (2), in the paper 
referred to above, advanced a new theory, that the effect of tuberculosis 
is primarily on a single strain of cells, the monocytes. Their concept is 
based on a study of the blood and tissues of a large series of rabbits which 
had been experimentally inoculated with tubercle bacilli. Scrapings of 
the infected tissues, as well as blood smears, were examined by the su- 
pravital technique of Sabin (4). In the tissues, particularly the spleen, 
lymph nodes, lungs and bone-marrow, it was possible to demonstrate a 
marked overproduction of primitive reticular cells, which are believed by 
the authors to be progenitors of the monocytes as well as the other white 
blood cells. Not only were these embryonic cells increased in number, 
but they were stimulated specifically in a way which caused them to 
mature rapidly into monocytes. Further stimulation, the authors 
believed, caused a change of the monocytes into the characteristic epi- 
thelioid cells of a tubercle, and these again, through nuclear multiplica- 
tion, gave rise to tuberculous giant cells. The circulating blood, like- 
wise, showed a striking increase in monocytes, from an average normal of 
8 per cent to as high as 53 per cent in one of the infected animals. The 
lymphocytes of the blood retained approximately their original per- 
centage. In the active acute cases the monocytes were actually noted to 
surpass the lymphocytes, so that the normal ratio of monocytes to 
lymphocytes became reversed. This effect on the monocyte-lympho- 
cyte ratio was considered to be of sufficient significance to be used as a 
basis for judging the condition of the animal. Thus, a high monocyte 
count with a low percentage of lymphocytes would point toward active 
tuberculosis, while a lower monocyte count and higher number of lympho- 
cytes would indicate that the lesion tended toward becoming arrested. 
In addition to this increase in number of the circulating monocytes, 
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modifications of their character were described, which the authors in- 
terpreted as indicating a change toward the epithelioid type of cell. 
The most important of these changes were cessation of motility, an in- 
crease in number and a decrease in size of the particles stainable with 
neutral red, and a tendency of these particles toward rosette arrange- 
ment. 

In a similar study on guinea pigs inoculated with human tubercle 
bacilli, Camp, Luton, Tompkins and Cunningham (10) likewise found an 
invariable increase in monocytes, while the lymphocytes reacted in 
inverse manner, these changes being most marked toward exitus. It 
was not possible to correlate quantitatively the increase in monocytes 
with the decrease in lymphocytes. 

Impressed by these definite findings in the blood of tuberculous rab- 
bits, and because of the failure of earlier investigators to describe signifi- 
cant changes of the large mononuclear ceils in blood studies on clinical 
cases of tuberculosis, Cunningham and Tompkins (8) made an analysis, 
using the supravital technique, of the blood of a series of human cases. 
Their series include 56 cases in which a diagnosis of tuberculosis was 
considered quite definite. Owing to the type of cases at their disposal, 
repeated counts could be made on only 11 cases. 

Their significant findings were as follows: 

The total white count was elevated in about one-half of the cases. It 
was most consistently elevated in the more severe cases, and was noted 
to decrease as the clinical status improved. This finding was not con- 
stant, however, for the white count remained practically normal in a few 
of the most severe cases. 

The lymphocytes were increased in about one-third of the cases. On 
the whole, the lymphocyte counts were lower than normal, and the 
smaller values tended to occur in the more severe cases. Some of the 
lowest values were seen in children and in cases of lymphatic tuberculo- 
sis, and the higher values in pulmonary tuberculosis. 

The monocytes were increased above the average normal in all except 
3 cases, and the degree of elevation corresponded fairly well to the grade 
of clinical severity, except that in cases with bone. and lymph-node in- 
fections the increase of monocytes was greater than would have been 
expected. As a rule the increase in monocytes was reciprocated by a 
corresponding decrease in lymphocytes, although this relationship was 
not invariable. Emphasis was here again placed on the change in char- 
acter of the monocytes; that is, the neutral-red particles were small, 
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increased in number, and showed a tendency to be arranged in rosette 
form. Considering the monocytes as an index of invasion and the lym- 
phocytes as an index of resistance, it was suggested that the monocyte- 
lymphocyte ratio might be used as a mathematical expression of these 
two processes. This ratio was actually found to be above the average 
normal of 0.3 in almost all of the cases, and, in general, was higher the 
less favorable the clinical status. 

Morriss and Tan (7), also on the basis of the report by Cunningham, 
Sabin, Sugiyama and Kindwall regarding the réle of the monocyte in 
experimental tuberculosis, analyzed carefully the blood picture of 200 
sanatorium patients, on whom 400 differential counts were made. The 
supravital technique was employed for 50 counts, but owing to the fact 
that the authors found it rather too cumbersome and time-consuming 
for clinical use, and that they were able to correlate satisfactorily their 
supravital counts with those made from fixed smears, most of the data 
reported by them were obtained from the examination of smears stained 
by Wright’s technique. Their findings were that the monocytes were 
elevated and the lymphocytes decreased compared to the average normal 
in the majority of cases which showed definite signs of clinical activity. 
In the inactive cases the blood changes were considered insignificant. 
The conclusions of the authors were that differential blood counts can 
offer but little help in diagnosis, but that repeated counts are of value in 
analyzing the patient’s reaction to infection, emphasis being placed es- 
pecially on the monocyte-lymphocyte ratio. 


CLINICAL MATERIAL 


The present report is a summary of the differential counts made over 
a period of about six months on 104 patients at the Edward Sanatorium 
and the Albert Merritt Billings Hospital. One hundred were patients 
on whom a diagnosis of pulmonary tuberculosis was considered definite 
enough so that they were advised to have sanatorium or hospital treat- 
ment. One case of renal tuberculosis is included, one of chronic sal- 
pingitis, presumably tuberculous, and two cases in which no definite 
diagnosis was reached, but the counts are of interest. About two- 
thirds of the patients had more than one count and 29 cases had from 
three to eight counts over a period of six months. All stages of pulmo- 
nary tuberculosis are represented, including minimal beginning lesions, 
far-advanced and terminal cases, and cases in which the disease was 
nearly arrested. 
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TECHNIQUE 


In preparing the blood smears for the supravital differential counts, 
the technique of Sabin (4), as observed in the laboratories of Drs. R. S. 
Cunningham and E. H. Tompkins, was followed quite closely. As 
actually carried out in this laboratory it is as follows: 

Slides of good quality are cleaned in a concentrated sulphuric acid- 
bichromate mixture, washed thoroughly with water, stored in 95 per 
cent alcohol, and wiped, as needed, with clean gauze. The stain is made 
by adding 50 drops of a saturated absolute-alcoholic solution of neutral 
red to 10 cc. of redistilled absolute alcohol. The slides are flamed and 
cooled, flooded with the stain, and allowed to dry in a vertical position. 
If a slide has been properly cleaned, there will be a thin even film of neu- 
tral red covering the entire surface. 

The blood is obtained from the finger in the usual way. A small 
drop is touched to a freshly wiped cover-slip, cleaned in the same manner 
as the slides, and the cover-slip is inverted at once on a stained slide and 
rimmed with vaseline. The smears are allowed to incubate at 37°C. 
for twenty to thirty minutes before beginning the count and are kept at 
the same temperature in a stage incubator while making the count. No 
particular hurry is necessary in carrying the slides from the patient’s 
room to the incubator, and the smears remain in good condition for 
counting for one and a half hours or longer. 

The appearance of the supravitally stained leucocytes has been de- 
scribed in detail and illustrated by Sabin (4) and by Sabin, Cunningham, 
Doan and Kindwall (11). Briefly, it is as follows: 

The neutrophiles are considerably larger than the red blood cells and, 
when kept at the proper temperature, are vigorously motile. The gran- 
ules are uniform in size and stain a uniform reddish-brown. ‘They are 
in constant motion, streaming with the cytoplasm, and after incuba- 
tion for a half-hour or longer possess marked brownian movement, which 
is of great aid in distinguishing the cells. After this length of incubation, 
also, the cytoplasm is likely to contain one or more large vacuoles which 
have been brightly stained with neutral red. In older smears the cyto- 
plasm may become almost completely filled with such vacuoles. The 
nucleus is usually multilobed, although in a moving cell its shape is not 
constant. 

The monocytes are usually larger than any other type of cell, although 
the size is sonewhat variable. They move sluggishly or not at all. 
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The nucleus is typically bean-shaped, but is frequently round or irregu- 
lar. Occasionally a cell with two nuclei is seen. The cells are fre- 
quently seen in pairs, suggesting that division may have taken place on 
the slide. In freshly prepared smears the cytoplasm is quite clear, but 
after 30 minutes’ incubation it contains great numbers of particles 
and vacuoles stained with neutral red. These vary in size and somewhat 
in shade of red. They tend to be arranged in rosette form in the Hof 
of the nucleus, the smaller and lighter-staining particles occurring in the 
centre of the rosette. There are, however, particles scattered throughout 
the cytoplasm. In normal adult human blood this large phagocytic 
cell is almost certainly analogous to the large mononuclear cell which in 
Wright’s stained specimens is commonly differentiated on the basis of 
its large rather pale round or bean-shaped nucleus and its pale or muddy 
blue, sometimes sparsely granular, cytoplasm. It is probably identical 
to the monocyte of Naegeli, the histiomonocyte of Kiyono, the endothe- 
lial leucocyte of Mallory, and the transitional cell of Ehrlich. In patho- 
logical blood I have not found it possible to correlate satisfactorily the 
supravital counts with those made from fixed smears. 

The lymphocytes may be only as large as a red blood cell, or larger, 
up to the size of a small monocyte. The cells are not often seen in 
motion. The nucleus is round or slightly indented. The cytoplasm is 
clear and contains very little neutral red. After incubation for thirty 
minutes, a cell may contain two or three red particles, and in older 
smears this number may be increased to a dozen, but it never approaches 
the number found in the monocytes at the sametime. The distinction 
between monocytes and lymphocytes is quite sharp, border-line cells 
being found only occasionally. 

The eosinophiles appear larger than the neutrophiles and are less mo- 
tile. Their granules are very large, olive-shaped, and have a uniform 
copper color. They possess sluggish brownian movement. 

The granules of the basophile are round, refractile, uniform in size, 
and of a very brilliant red color. 

For each differential count reported, at least 300 cells, and in most 
cases 400 or more, were counted. I use two cover-slip preparations in- 
verted on a single slide and ordinarily count 200 cells from each cover- 
slip. The cells were counted in groups of 100, so as to determine how 
many it is necessary to count in order to obtain a representative average. 
It was concluded that counts of less than 400 cells are generally not 
satisfactory, even when the smear appears very uniform. 
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Total white counts were made at the same time as the differentials. 
Duplicate standardized pipettes were used, and the eight large squares 
on a double Neubauer counting chamber counted for each specimen. 

All of the counts reported were made by the same individual. 

When examining living preparations it is obviously impossible to take 
all specimens at the same time of day. Repeated counts on the same in- 
dividual were, however, done at the same hour. It has been repeatedly 
shown, recently by Sabin, Cunningham, Doan and Kindwall (11) and 
by Shaw (12), that the blood count varies, sometimes significantly, 
during the day. There is some agreement that the total leucocyte count 
tends to run higher in the afternoon than in the morning. It has also 
been found, however, that two counts taken thirty minutes apart may 
vary as much as when taken in the morning and afternoon, respectively. 
In fact, Sabin, Cunningham, Doan and Kindwall expressed the opinion 
that there is an approximately hourly rhythm of the white blood cells. 
It is not usual for two individuals to have their peak at exactly the same 
hour, so that I think the importance of taking all blood samples at a 
given hour of the day has been somewhat overemphasized. Tabie 3, 
which is a record of the morning and afternoon counts of 12 tuberculous 
patients who were living under the same sanatorium routine and whose 
counts were taken at the same hours of the day, namely 9:00 a.m. and 
4:00 p.m., is included to show approximately the amount of variation 
between two counts taken on the same day. While, even in this small 
series, the averages of the total white blood cell, monocyte, and lympho- 
cyte counts are higher in the afternoon, six of the individual monocyte 
counts and five of the total white counts out of the twelve are higher in 
the morning. This would appear to show that too much importance must 
never be placed on a single count; rather, all counts should be taken at 


the same time of day. 


DATA 


For lack of criteria on which a satisfactory grouping of tuberculous 
patients can be based, and because the published clinical data obtained 
from studies of supravitally stained blood specimens are still limited, 
the counts are being reported individually, together with a brief clinical 
description of each case. These data are summarized in table 2, which 
consists of 216 blood examinations on 104 patients. The differential 
counts are expressed in terms of absolute numbers rathér than percent- 
ages, the importance of considering the absolute values having been 
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stressed by Sabin, Cunningham, Doan, and Kindwall. The cases have 
been arranged as nearly as possible according to the elevation of the 
monocyte count, those with highest values being placed at the beginning 
of the list, and grading down to those with low monocyte counts at the 
end. 

Table 1 gives the average and extreme figures of thirty counts on 
sixteen normal individuals. The average values agree fairly closely 
with the normals reported by Cunningham and Tompkins. 


DISCUSSION 


Examination of the data in table 2, in which the cases have been ar- 
ranged according to the degree of elevation of the monocyte count, those 
with the highest counts being placed at the top of the list, reveals that 


TABLE 1 
Average and extreme values of 30 counts on 16 normal individuals 
AVERAGE EXTREMES 

Percentage ae Percentage _| Absolute number 
White blood CONS 7,360 5,200-10 ,000 
ROC 26.0 1,914 13.0 -35.0 | 1,120- 2,960 
63.4 4,666 54.7 -81.5 | 2,965— 7,000 
$.2 235 0.5 7.25 43— 552 
a 0.7 52 0 -1.6 0- 94 


at the beginning of the table we have the far-advanced and terminal 
cases, while at the end are those with minimal involvement or nearly 
arrested tuberculosis. Only the last 14 cases have monocyte counts 
within the normal range given in table 1. These 14 cases include one of 
renal tuberculosis, the infected organ having been removed, one patient 
who was ready to be discharged as arrested, five with minimal involve- 
ment, and six in whom the disease had become moderately advanced but 
was of the fibroid type. Case 94 is one in which by analogy we would 
have expected a higher monocyte count. 

In general, there is a gradual decline in the degree of active tuberculous 
involvement as we go down the list, that is, as the monocyte count be- 
comes lower. No. 84, a terminal case, is a notable exception, having a 
monocyte count of only 692. Patient 9, another terminal case, had a 


S MONOCYTES 


— 


WEIGHT 


063 
054 
492 0.49 


SEPT. 21 NOov.3 
CHART 2 


Same 


; CHART 1 CASE 5 
125 | 
o 
we? 
112 
1025 
110 
Monroe 162 
“On, 
015 
DEC.7 MAR 13 
CASE 7 
122 
we x 
1900 
1820 
L7 
= MONOCYTES 150 
110 1045 “ 
108 
a6 
OCTii 18 Sf MAR. 14 
772 


CHART 3 CASE 13 


MONOCYTES 


17 NOV1 13 DECS MAR 13 


CHART 4 CASE 54 


MONOCYTES 


OCT3 18 Novis DECS 


| 
uel 
\ 
5 
1800 
170 
108 
1314 
1120 
103 é 
9 MONOCYTES 880 
880 
9 
99 
SEPT 12 
4 
03 
1300 
1260 
1180 
94 
16 
53 
773 


O£Z ‘1/009 ‘S 
6E‘T 


8Z/Z1/6 | -Wopeid Ig 


8761 ‘6z paid STL ‘T1002 sFuny Jo 
962 
OLS ‘ST 


078 ‘T 82/81/01] = WWM 
006 ‘T 82/11/01] Aperyo ‘Suny Jo sisojnoieqny, 


¢ 


8761 
*6Z 19q0}9Q 489} 


ANTN © 


+ 


O16 ‘T snofnoieqn} Ajqeqoid 


“Pity? Aq pazyeanoy ‘aqoy soddn 343 


SI@dA 


089 ‘T SAISSAIZOIg 
008 *T 8Z/£1/6 | pue sIMQUe Jo 


SIBIA F 


xode 
096 ‘1/000 ‘F118Z/81/6 | JO pu PIO ¢ 


00L 
310} ‘Z1000 ‘6118Z/6 SISO[NIJIqN} WIN] TY 10 JOUIN} 
yoom 3893 jopordy 098 ‘21000 Aq pasnes yoojq 


SS99SqB 
001 ‘0z BUN] JO JUSUIZATOATI 


= 


Z 


SWHOLAUNAS 
40 NOILvana 
-TXOUddV 


TVOINITO 


-VaadnaL 


| 


-VOIdISSVTD 
-OVaa 


ATAVL 


| | 
| | 
j D 
4 | 
| 
3 | | 
i | 
} | | 
| 
=) Co Doo OO 
r=) aN Con —| | 
| wd |g 388 | | 
= 
2 S& 8 
an 
| 
| | 
| 
NOLL | 
< < 
| 
| | 
| 
| 
a 
N 
aaanan | 


9° 16 
0°66 |0°26 


9 

9° 


oon oo 


OFF ‘T 
06¢ 


096 

80F ‘T 
0s9 
oze 
082 ‘T 
002 ‘T 


‘T 
099 


SLT ‘T 
06S ‘T 


019 
$62 


‘T 
‘T 


000 ‘oT 
000 ‘ZT 
076 ‘TT 


000 ‘8 
008 ‘8 


000 ‘41 
000 ‘TT 


002 ‘21 


004 ‘TT 
00F ‘OT 


00F ‘ZT 


00F ‘FT 
002 ‘FT 


87/17/11 
87/17/6 


62/81/¢ 
82/81/01 


67/97/Z 


62/81/€ 
82/21/01 
82/S7/6 


62/91/¢ 
87/z 
87/1 /6 


62/F1/€ 
82/€1/6 


8Z/11/01 
82/17/6 


67/et/¢ 


87/71/6 


gz/¢ 
82/9 /6 


8Z/97/6 


6761 
ON ‘saqoy Jeddn 330] pus 


6761 pue 
SZ6I EZ PouTey 
Joddn 243 JO GUI 


[eseq 


Joddn 243 JO 


FuIso] 
0} ‘say €Z peulery e} 


-dn Jo stsopnoieqn} 


JOMOT JO JUST 
24} UI ssed01d ‘PIO 


JOMOT UT 
ssad01d faqoy] Joddn ur 


JO Jaddn jo 


ystsiod sudis Areuow 
1addn jo stsoiqry 


xode 


Z 


| 


syjuoUr ¢ 


Wal 
| 
| 
| 
| 
| 
| 
ao HPOONMDS SNS ooo 333s oon own 
mm Oro oom 00600 Ad oro 
i Now OOO N NOs ao Coon 
| AAR SABAAH ABA ADA ARS ADD aa AAD 
| AnD SARAAH AHH a AAA Aaa aa Aaa 
| DAS SON One Sm 0 On SO nto 
wn 
on ONM ooo one eo~r at ssc 
mo ag Now AM A Cor 
aon an nA MNN an arn no 
Het 
rot MO 
amet 
| « a ant on 
60 GO 
NAAN 
-) 
— 
~~~ 
| 
| 
| 
| 
| 
|< fo) a < = a = < cs 
~ < < < < < < < 
+ 
+ + + 
ottt + + + + + +1 + 
n n 
= 
s 
= N a a ~ + 


8Z61 ‘oun, souls 
‘1/008 ‘Z1|8Z/97/6 | Aperyo ‘Bun, JO 


000 ‘1/000 | ‘aqoy ut ssed01d 
092 ‘1/000 -neudoyouoIg Y}IM 
OSE ‘T}008 /8 | Jeddn JO 6 


co 


080 ‘1/000 |6z/8 /¢€ 


|000‘L |6c/z1/¢ 


DAISSAIZIY JO JUSWIDATOA 


6761 


nt NO FAD OM 
oo 


UI Zururer) JO JUOUT 


169 |00S‘Z |6Z/1Z/¢ | Ul 
796 182/9Z/6 | Jeddn Jo sq}UOU gT 


Sutaoiduly ‘aqoy Jamo] Ajqissod pue 


oss 000 ‘€1}62/91/¢ 
9L1 ‘2 008 ‘Z1/8Z/#1/ 11 8761 souls 


‘T 0S9‘T1/8Z/9 /6 | “aseq Jo | 


< 


NOIL 


NITOOAAGAL 


NOIL 
-VOIAISSVTO 


SWOLANAS 
40 NOILvana 
-IX0addv 


maznas | + | 


TVOINITIO 


DIAVL 


= 
} Ca) ano 00 00 No 00 00 ANN 
& ure | or mo mo 
on oo oN oN oo SNS 
< ‘urd | 00 00 00 00 on 
AAD aa aa an aa An AAR AK 
AAR An aa An An AD an AAR AK 
at $2 SS S85 Sz 
7 w itr] 
coco oo co co oo 
$8 28 83 $8 83 
| Ao #00 orn OFF AMA AN 
< 
g 8 
= a 
4- 
+ 
P 


8761 paid 


L 

L 


0F8 
080‘T 


SLs ‘T 


‘T 


‘T 


‘T 


009 ‘OT 


009 ‘8 


00F ‘8 
000 ‘8 


000 ‘OT 


008 ‘OT 
008 
002 ‘OT 
000 ‘8 


002 ‘OT 


OST ‘OT 
007 


000 ‘TT 


000 ‘6 


000 ‘9T 
00S 


00% ‘8 
OOT ‘OT 
00% 
08 ‘6 
‘6 


088 ‘TT 


87/72/11 
87/9 /6 


62/12/¢ 
87/67/6 


62z/91/¢ 
82/9 
82/72/11 


82/6 
87/07/6 


82/12/11 
87/£1/6 


627/61/¢ 


67/61/¢ 


8z/0¢/0t 
/6 


62/St/€ 


8z/¢ /OT 


SOTPIAD 
feqo, jo stsomoieqny, 


xode 


Sutpuazxa 
Ajjusredde st 3nq ‘6761 
pue ‘gz6T ‘1equiezdag Ul 


Joddn} 7431 Jo 


‘Ioddn Ul YIM 
Zuluulsag 9 *saqo] pue 


-OM} Jaddn Jo [OAUI PIO 


‘PI Joquiaydag souls 
a[pprur pue Joddn jo 


JIM WOISI PIO JO Jomo] pue 


-naud ‘aqoy 0} 


‘aqoy Jaddn jo 


+ 


Z] 


¢ 


Z 


sqjuoUr ¢ 


Sy}UOW CT 


Sy}UOU 6 


AARAAA AS a aa a aa a 
AH a an a AAAAR an a aa 
AIAN 
~ 
co 
| 
5 < < < < < < < < 
+ 
+ + + + 
— + + + + + + +1 
~ a =} = a ~ 


aro 
| 


SLT 
616 
0S6 


016 


916 
$86 
066 


000 ‘T 
916 
000 ‘T 


020 ‘T 


796 
740 ‘T 
OOT ‘T 


002 ‘FT 
002 ‘OT 
088 ‘TT 


009 ‘9 


008 ‘S 
008 
059 
008 ‘OT 


002 ‘ZT 
002 ‘8 
007 ‘6 
090 ‘8 
002 ‘ZT 
099° 
002 ‘ZT 
008 ‘8 


007 ‘OT 


00% ‘OT 
00% ‘ZT 
000 ‘TT 


82/91/11 
82/S2/6 


62/12/¢ 
82/17/6 
62z/02/€ 


/Ot 


82/07/11 


62/€2/7Z 
/6 


wey} 
YIM JO Jed pue 
19ddn 332] yo uonsod raddn jo yuour 


aqoy ut worse] 


Jaddn 3ja] Jo [empeur jo 


snosuezuods 


YIM sisojnozeqn} [1g 


UO 


UWOI}IPUOD Ul ONT 
Jaddn y}0q jO snojnoeqny, 


ul ‘xade 


SZ6I ‘ST 
aours 
pue 32] Jo sisojnozeqny, 


OT 


/ 


a 


TVOINTID 


-Ovaa | + 


w 
agaWON | + 


ATAVL 


bd 
| | | 
4 | | | 
| | | 
| | | 
j | 
: | | 
| 
| | 
5 ure! 233 a oN ON woo ~+ Soo | 
‘ard | awa OA 080 Do a 000000 90 00 00 | 
AAD a AR AN Ad a a AAR a AAD | | 
a an on ax Noo © } | 
AAA AR AR AD a a a 
d 
; ecco oo oo = ooo ooo | 
see 2 82 8 S885 $23 | | 
| RN NO Ana o | | 
| 
| 
| 
| 
| 
| 
| 
| 
| | | | | | | | 
| 
| 
| 
| 
-VOLMISSVTD ‘V'L'N | 45 5 & = 
+ + + + i 
+ + + 
naxaas | | + tht + + + 1 + | + 
og 
a, 


87261 
6Z 389} 


Z 12q0}9Q 


8761 
*6Z 


$86 |007°8 |gz/9T/OT 
Ost 


008 


006 ‘6 


87/97/6 


916 
‘T gz/t¢/01 
898 


67/6 
‘6 11/01 
000 


TT 
000 
000‘8 |gz/¢ /OT 


009 ‘ST\6z/st/¢ 
000 ‘81)gz/zz/zI 
008 / 
/6 


000°8 }6z/T /TT 
002 ‘6 |8z/81/6 


OSE 
009 11/01 


+ 


wn 
mm 


000 ‘8 


002 ‘TT 


AYA IV Joddn 
roddn jo plomqy PIO 


Jo ed pus 


-OM} Joddn jo stsopnoieqn} ploiqy 


SZ6I ‘OT JOQUIDAON TO 
JO pidel pue 
JOSSO'T ‘OT 8761 
‘gz UT ures 
-dy Jo ploiqyg PIO 


PU IOMOT JO JUIUIBA[OAU! 
‘aqoy soddn jo 


S9A[VY IOMOT JO y, 


Zuracidwy 


pue 
snopnoieqn 
}J9] JO PIO 


3099 
siaddn UT sNOIgY PIO 


roddn JO 


YIM aqoy Jeddn 


¢ 


9 


CT 


g 


Z 


sivak ¢ 


SIvok ¢ 


| | 
| 
| 
r=) ano eeses mow ooo oon 0° a #00 
a a AA AD ARAR AAR ABR ADH AHH a a aa 
a a aA ADH AAD ADA AAR AAG a a an 
Nn nn NOMS NOM MMM ~ ao 
| $8 8888 328 S33 288 8&2 x & 
| v=) ot AX MEO NAS = An 
| = 
| 
| 
| 
| 
| 
| 
| 
| | | | | 
| < < < < < < < < 
| + + 
E + 4 + + +++ + 1 


008 ‘2 Jaddn yo Jo | 


AVIAN 
008 ‘8 JO yeoide ‘ul 


0F9 ‘O1|8Z/87Z/6 | YIM Saqoy Jaddn Jo sisopnoiaqn sievak 


004 ‘6 |87/07/6 | Jeddn 33a] Jo yyey jo 9 


Aivuowjnd ‘aqo] saddn jo pue YSU 9173 JO 


8761 ; : 002 ‘6 |62/81/¢ 


1990390 389} 008‘L |82/T xode 339] JO 


mone} 
-TABd ‘oqo, Joddn pue 


002 Sazaqeiql “SISOy 


Suraoiduly 
JO UOISI] sIq} jo 
002 ‘Ol aqoy Jo stsojnd1eqn} pio 


/ 


saddn 


NOIL 


-OVaa NITONOAAGAL 


SROLAWAS 
40 NOILVaoa 
-IXOUddv 


TVOINITD 


SHTIHAONISOZ | Ss 

SHLADONON | 3050 


-VOLIISSVTO “V'L'N 


penuyuod—? ATAVL 


Ay 1 
< ‘urd | ac a 40000 a 
a a AD AD a 
an a a AR AD a ro 
ao 
+S SO a 
aN 
on No N ~ 
no 
NOIL 
< < 
+ 
fifi 
gov| = N N N N N 
$$ 
azanax asvo | ~ ~ ~ ~ ~ ~ ~ ~ 


Areuour 
8761 ‘OT UO 


‘Zz 


08 


88 
+8 


008 ‘OT 
002 


827/81/6 


8z/0Z/TT 
87/12/6 


82/91/01 
87/01/01 
82/07/6 


82/9 
82/L1/01 


82/11/6 


87/6 /OT 


YIM aqo] 
pue soddn 94} ZULA[OAU! 


WOT} fsaqo] Joddn pus 
pur Joddn Jo Plolqy 


Aq ‘6761 ‘OZ 
0} 8761 ‘IZ Jequiajdeg 
pus saoide y}0q BULAJOAU! 


2qo] Joddn 


xode 34311 JO 


‘sao1de 


8Z6T 
-oid ‘aqoy saddn 94} 
jO Joddn 94} 


“a 
‘xode pue seqo] s[pprur 


UWOISNye 44311 
snoouvzu0ds 32] pue 
343 TA[OAUL SISO[MIIIqN 


Jo stsopnoiaqn y, 


‘Aouapus} ‘Suny 
49] JO oddn jo 


g 


¢ 


sivod ¢ 


9 


OT 


OT 
¢ 


g 


| 


| 
or © xn © No ONN Nn an 
orm o 00 ao ADD an an an 
AnD an an a an a an AAD an an na Ss 
cow ~ Nn oo TON N ~ ~ 
om & © > >> > co ~ 
An an an an an A ARAN a AN 
oo o oo S S S 
wo wo o ~ ~ oo o 
= 
< = 
< < < < < & < < 
a aa a & 
= + 4 + ~ 
+ P + + + 
+ + 
N N a ~ N xn A Nn 


a10jaq 


8761 
‘OE 389} 


6261 ‘OT 


-VaadniL 


CO 


at MO 


09S 


‘T 


OLL‘T 
ore ‘T 
Sst ‘T 
006 

L8L 

eee 
$10'T 
00S ‘T 


STF 
£79 


SALAQOHAWAT 


st 


002 ‘OT 
00% ‘F 


009 
OST 


00F 

008 
Ost ‘9 
000 
007 ‘9 
000 ‘6 
002 ‘9 
008 ‘6 
00F 
009 ‘9 
076 


000 ‘8 
‘L 


827/17/6 


82/6 /OT 


62/S1/Z 


62/1Z/€ 
62/1 /Z 
87/87/6 


8z/s 


62/€1/¢ 
87/17/6 


ploiqg ‘aqo] Joddn 74211 jo 


Areuoul[Nd 


*AQUPTY Jo Teaoutal 


Apivou 


xode 34811 JO GUI 


-98 ‘ploiqg 
‘aqoy Joddn ‘SUIA[OAUT 


WO 
-o1d JO stsopnoieqn} 


sooide 
Bur 


“ploiqy Ajyueurmopaid ‘saqo| 
a[ppru pue ieddn jo 


¢ 


Z 


9 
| 


sivak §¢ 


TVOINITO 


-OVaa | + 


10 NOILvVanod 
aLvn 


w 
ASVO | a 


ATAVL 


| hi 
| te 
| Ww 
| 
j a oto +9 eo 
| 2 ‘wd | 2 8 So COO 
Co oS Now se ges 3382 om 
‘ur'd | on 00 COAN ©0 60 
aa AA AK AR ARS AR D AX 
| An a a Ad AAR ADA AD aa 
} os 
| m #2 °3° 833 
oo oo so oo oo 
| 
a fa) ioe) < < 
-VOldISSVTO ‘VIN | s 8 a 
NOLL + + + + + 
masnas | + 1 


CLINICAL VALUE OF MONOCYTE COUNT 783 


high monocyte count, as did also nos. 1, 8 and 10, who were very nearly 
terminal, but who left the institution before death. Other patients, 
whose monocyte counts are lower than would be expected according to 


TABLE 3 
Differences between A.M. and P.M. blood counts on 12 tuberculous patients 


LYMPHO- EOSINO- | TEMPERA- 
MONOCYTES |  cyrgs PHILES TURE 


3,240 | 1,480 99.2 
2,960 | 1,060 100.8 


1,680 | 1,270 96.8 
1,750 | 1,500 99.8 


1,320 585 99.2 
1,710 | 1,318 101.8 


1,400 924 97.8 
1,190 | 1,630 98.0 


1,610 | 1,870 
1,730 | 1,960 


810 | 1,160 
750 | 1,280 


1,075 | 1,810 
1,345 | 2,670 


744 | 2,070 
1,820 


2,290 
2,700 


1,028 
1,223 


1,035 
918 


1,325 
1,713 


1,404 
1,650 


CASE W.B.C. PULSE 
1 A.M. 19,400 108 
P.M. 21,000 112 
9 A.M, 12,600 80 
P.M. 13,800 92 
10 A.M. 6,500 98 
P.M. 7,200 110 
14 AM. 11,200 80 
P.M. 12,200 80 
15 A.M, 12,400 0.9 280 97.8 84 
P.M, 12,000 0.9 380 98.2 84 
7 A.M. 12,500 0:7 220 97.8 84 
P.M. 11,900 0.6 160 99.2 100 
32 A.M, 9,200 0.6 303 97.6 84 
P.M. 12,000 0.5 168 97.8 78 
38 A.M, 11,100 0.4 255 98.6 88 
P.M. 9,200 0.35 343 98.8 96 
59 A.M. 10,800 918 S| 0.4 81 96.0 92 
P.M. 9,900 866 0.3 25 99.2 96 
66 A.M, 10,600 954 p 0.9 32 98.0 70 
P.M, 9,200 791 0.65 110 99.0 88 
86 A.M. 9,400 630 S| 0.6 160 97.8 78 
P.M. 10,200 880 1.0 235 98.0 74 
91 A.M. 10,400 495 pe 0.4 104 98.2 76 
P.M. 10,700 813 0.5 128 99.6 88 
11,342 | 1,240 1.0 144 
=| 11,442 | 1,286 0.9 | 217 | 
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their clinical status, are nos. 61, 71, 72 and 74, while nos. 62 and 50 appear 
to have a disproportionately high count. 

When a patient showed definite signs of clinical change during the 
period of study, this change was, as a rule, accompanied by a correspond- 
ing rise and fall of the monocyte count. Charts 1 to 4 of cases 5, 7, 13 
and 34 show the inverse relationship between the monocyte and weight 
curves in patients who showed marked gain. Other cases in which 
clinical improvement was accompanied by a fall of the monocyte count 
are nos. 16, 20, 24, 26, 27, 28, 29, 31, 62 and 77. On the other hand, 
patients nos. 3, 4, 10, 18, 21, 32, 40, 55 and 65, who showed no clinical 
improvement, retained their high monocyte values. 

The total leucocyte count is above the average normal of 7,360 in 182 
of the 216 counts. In general, the higher leucocyte counts occur inthe 
more severe cases, although this is not invariably true. Patients 10, 
and 13 are far-advanced cases with normal total white counts. 

The lymphocytes are below the average normal in 73 per cent of the 
examinations. In only 6 counts do the lymphocytes exceed the normal 
extreme given in table 1. Most of the higher lymphocyte values ap- 
parently occur in the cases where the symptoms have been of long dura- 
tion, pointing toward a high resistance. Examples of such cases are nos. 
3, 5, 59, 64, 61, 72, 75 and 77. 

The monocyte-lymphocyte ratio is above 0.3, the average normal, in 
all except 17 counts. While it is highest in the most severe cases, it 
seems to correspond less closely to the degree of tuberculous involvement 
than does the monocyte count. There is some evidence that when the 
disease is very progressive the ratio is disproportionately high, as in no. 
10. Again, in cases showing rapid improvement, such as no. 5, the mono- 
cyte-lymphocyte ratio is lower than would be expected according to the 
degree of involvement. The relationship of the ratio to the weight curve 
is also demonstrated in charts 1 to 4. 

There is no apparent relationship between the eosinophile count and 
the clinical status. 

The data here reported, therefore, seem to confirm the conclusions 
arrived at by Cunningham and Tompkins, that clinical tuberculosis 
produces definite changes in the mononuclear cells of the blood-stream, 
which are constant enough to be relied upon for prognostic and diagnos- 
tic aid. With a total monocyte count of less than 600 on repeated exami- 
nations, the presence of active tuberculosis would appear very unlikely. 
Whether a high monocyte count can be looked upon as indicating a tu- 
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berculous infection is obviously uncertain, pending a study of the blood 
in other diseases by the supravital technique. 

Cases 2 and 23 are included because of their high monocyte values. 
Both patients had had lipiodol tests preceding the blood examinations. 
In view of the doubtful presence of tuberculosis in both cases, it 
appears probable that their monocytosis may have been due to lipiodol 
stimulation. 


SUMMARY 


1. Two hundred and sixteen supravital counts are reported on 104 
patients, 100 of whom were cases of pulmonary tuberculosis. 

2. The monocyte count was elevated in 87 per cent of the cases. The 
remaining 13 per cent consisted, with one exception, of patients with 
minimal involvement, arrested or nearly arrested cases, and cases with 
the fibroid type of the disease. 

3. In general, the monocyte count was elevated in accordance with 
the degree of active tuberculous involvement. 

4. The blood changes in clinical tuberculosis are sufficiently definite 
to be of diagnostic and prognostic significance. 
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A CORRELATION OF THE LEUCOCYTE INTERPRETATION 
OF MEDLAR WITH CLINICAL FINDINGS 
IN TUBERCULOSIS! 


WILLIAM H. OATWAY, Jr. 


The value of the leucocyte count in tuberculosis has been remarkably 
enhanced in recent years by detailed work on the various cell types. 
Emphasis has been laid in turn on the total count, the lymphocyte, 
the monocyte or the neutrophile, or on various combinations and ratios. 
Summaries of the viewpoints of the many investigators have been ade- 
quately given in other papers (1) (2) (3 etc.). 

In seeking to correlate the leucocyte counts with the progress of the 
disease in cases at Trudeau Sanatorium, it became evident to the staff 
that, important as was each type of cell or ratio, it was folly to omit or to 
overemphasize any one. A method should be used which would inter- 
pret the whole pathological process, which would include the réle of all 
the cells, and which could be repeated easily. 

In 1926 Medlar (4) (5) published his conception of the function which 
the types of leucocyte have in the pathogenesis of tuberculosis. He fol- 
lowed this with the view that the leucocyte count showed the pathologi- 
cal state of the lesion (6) (7). Recently he has published a larger study 
of clinical material (8) which includes a definite schema for the interpreta- 
tion of the whole blood picture. 

According to Medlar 


The mononuclear leucocyte (the epithelioid cell of the tubercle being the mono- 
nuclear leucocyte of the circulation) forms the primary tubercle, and takes a 
large part in the repair of the tuberculous lesion following caseation. The 
neutrophile is the chief cell in the formation of tuberculous abscesses, which, 
when they rupture and discharge, leave cavities or ulcers. As long as these 
cavities or ulcers continue to enlarge the neutrophile continues to play a very 
prominent réle. If the tuberculous abscess does not rupture, but, instead, 
undergoes caseation and becomes walled off, the neutrophile ceases to play a 
significant part. The lymphocytes appear in the process as the predominant 


1 From the Trudeau Sanatorium, Trudeau, New York. 
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cell only when the lesion (primary tubercle, caseous tubercle or ulcerated le- 
sion) is in the healing stage. These cells remain in the healing or healed area 
long after'the other leucocytes have ceased to play a part. 


In his work Medlar has found a close relationship between the number 
of leucocytes in the peripheral blood-stream and the condition of the 
disease process, the cells varying in a sensitive manner with changing 
types of tissue damage. To properly interpret the count the disease must 
be diagnosed as tuberculosis, and all extraneous causes of leucocytosis 
must be absent. The interpretation will not tell the site of the lesion, 
but will tell how the person is handling his tuberculosis at the time of 
the count. The type of leucocyte count which an individual maintains 
tends to be rather stable, varying less than that of a normal person’s 
variance. 

In the interpretation of the leucocyte count of a tuberculous person 
Medlar uses the following terms and ranges, which were originated to 
describe and delimit the abnormal counts: 


The Septic Leucocyte Picture: 
The total leucocyte count is usually above normal. 
May be normal or below. 
Neutrophiles are always above 65 per cent, usually 70 per cent or more. 
Lymphocytes never above 25 per cent, usually below 20 per cent. 
Monocytes are usually above 8 per cent. New tubercle-formation is indi- 


cated if above 9 per cent. 


This type indicates that the main tuberculous process is undergoing 
abscess-formation or ulceration, and that healing is not occurring. 


The Hyperplastic Picture: 
Total count within normal limits usually, or only slightly increased. 
Mononuclear leucocytes always more than 10 per cent. 
Lymphocytes more than 25 per cent. , 
Neutrophiles below 60 per cent. 


This indicates that new tubercles are being formed, but that these 
tubercles are not undergoing abscess-formation. If the lymphocytes 
are above 30 per cent the process tends toward a healing stage. 

The above tables are based on variations from the normal ‘Mode” 
(9), which names the following general limits as a normal blood picture: 


Total leucocytes per cu. MM.............002000- 
Polymorphonuclear neutrophiles................. 50 to 65 per cent 
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Lymphocytes (large and small) . 25 to 39 per cent 
Mononuclear leucocytes 6 to 9 per cent 
Eosinophiles 1 to 3 percent 


The Mode is very valuable and was badly needed, because the sum- 
maries of percentages of the cell types in the literature vary widely and 
were based on old work, thus making the abnormal limits variable. 

It was found that the “‘cells per cubic millimetre” of each type was a 
more accurate index on which to base the interpretation than the per- 
centages, except in leucopenic counts. In using the “cells per cubic 
millimetre,” the following limits were placed, beyond which the number 
of cells should not go: 


Neutrophiles: Never above 5,000 cells per cu. mm. 
Mononuclear leucocytes: Never above 700 cells per cu. mm. 
Lymphocytes: Never below 2000 cells per cu. mm. 


After an experimental period, during which several indices were used 
to interpret the leucocyte counts, it was decided to use the interpretation 


of Medlar, which included a consideration of all of the cell types. A 
knowledge of the terms and ranges used by Medlar was obtained from him 
in March, 1929, by conference and communication, allowing the early 
start on the present report. 


TECHNIQUE 


In doing the counts in this report a standard technique was used, 
which is at once rapid, accurate and simple. Specimens of blood were 
taken between the hours of 9:00 and 11:00 a.m. Some of the patients 
were ambulatory and some were in the infirmary. Free-flowing blood 
was taken from the finger in all cases, diluted 20 times in certified pipettes, 
and shaken well at the time and again before counting. The average of 
two corner squares on each section of a double Levy chamber was used. 
All of the total counts were done by two trained technicians or the author. 
The differentials were made on no. 2 cover-slips, pulled after getting a 
thin line of blood on one and allowing it to spread evenly between that 
and another. Wright’s blood stain was used, with Petroff’s multiple 
staining technique (10). Four hundred cells were counted in each smear 
with the high dry objective and ocular no. 10 for the average percentages. 
All of the differential counts were done by the author. Cells were 
grouped as neutrophiles, eosinophiles, basophiles, lymphocytes (large 
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and small), and mononuclears (including monocytes, large mononuclears, 
transitionals, and endothelial leucocytes). The differentiation of the 
lymphocyte and the mononuclear was made by denoting as mononu- 
clears those cells having a muddy cytoplasm with faint granulations, less 
attention being paid to difference in the size of cells and nuclei. 

Approximately 800 counts were done over a period of six months. 
These were correlated with clinical data. During this study leucocyte 
counts were made on the newly admitted cases; all cases of progressive 
tuberculosis as shown by roentgenograph; and on certain cases to check 
clinical findings. Most of the counts were repeated at necessary and 
convenient intervals, varying from a week toa month. The Sanatorium 
records which were used for correlation include roentgenographs taken 
on all patients at intervals of four to six weeks; monthly clinical check- 
ups and chest examinations; and the patient’s self-kept daily tempera- 
ture and symptom chart. 

A total of 260 cases was followed in this manner, in 90 of which the 
blood was counted but once. The interpretation of counts made on 
newly admitted cases was not allowed to influence the treatment of the 
patient at staff meetings during the trial period. 

There were surprisingly few cases in which the leucocyte picture was 
confused by a nontuberculous pathological condition. Such instances 
were usually recognizable clinically, as well as being suggested by the 
changed blood picture. These have been deleted from consideration in 
the tables. Under this heading are cases of intestinal parasites, severe 
gastrointestinal upsets, acute bronchitis, and infectious mononucleosis. 
Counts made during tuberculin reactions have also been omitted. 

The interpretation of the counts has been made, using normal and 
abnormal limits which we have quoted above. We have arbitrarily 
used five groups, septic, hyperplastic, resistant, resistant and hyperplastic, 
and inactive. The last class includes the normal blood counts, and the 
resistant group includes those normals with more than 32 per cent lympho- 
cytes. In certain graphs we have simply divided the counts into septic 
and nonseptic classes for better comparison with the data. 

The data obtained by correlating the leucocyte interpretations with 
the clinical findings have been considered in the following order: 


1: The value of doing a differential count. 
2: Relationship of sex and age to the type of leucocyte picture. 

3: Comparison of single counts made on patients at the time of admission 
with the X-ray, physical signs and laboratory data. 
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4: Relation of the type of count to the treatment, progress, and reaction to 
exercise of the case while in the Sanatorium. 

5: Determination of the most favorable leucocyte trend. 

6: Significance of the lymphocytes and eosinophiles. 

7: The leucocyte picture in pneumothorax, fatal cases, suspected tuberculous 
cases, tuberculous complications, and in haemoptyses. 


THE CORRELATION OF DATA 


Importance of Differentials 


To determine the importance of doing differential counts on cases in 
which the total number of leucocytes was normal, 732 counts were 
divided into two grcups,—one with normal totals, and one with abnor- 
mal totals (more than 9,000 cells per cu.mm.). Sixty-five per cent of all 
counts had normal totals, and, of these, 68 per cent had an abnormal 
differential (septic or hyperplastic). Of the group with total counts 
above normal, 99.6 per cent had abnormal differentials, 98 per cent being 
septic. 

From this it is seen that, if no differential counts were made on those 
cases with normal totals, two-thirds of the cases would appear to be 
normal, whereas two-thirds of them would in reality be abnormal (64 per 
cent septic) because of the differential. Ifa count has a high total there 
is an overwhelming chance that it will be septic. 


Sex and Age 


There were approximately the same number of patients of each sex, 
one hundred and thirty being males and one hundred and twenty-eight 
females. A total of 401 counts was made on the former group, and 343 
on the latter. In dividing up the counts into types, the females showed 
a marked tendency to the most unfavorable division. The males showed 
the greater tendency to the more favorable counts, their hyperplastic, 
resistant and inactive percentages all being proportionately higher than 
those of the female. 


NUMBER OF COUNTS HYPERPLASTIC 


401 93 
(on 130 cases) 23% 


343 50 
(on 128 cases) 15% 
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52 35 
. Male 13% 9% 
33 26 
Female { 9% 7% 
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These facts are interesting in that the average age of the patients at 
Trudeau Sanatorium over a ten-year period previous to 1927 was 27.3 
years, as it was in 1927, the last year tabulated. 
The cases were next divided into age-groups. 


GROUP AGE sag = SEPTIC HYPERPLASTIC RESISTANT 


I 16-22 18% 87.5% 7.5% 2.5% | 2.5% 


II 22-30 58% 63% 20% 12% 4% 
Til 30-up 24% 48% 33% 11% 8% 


There is a remarkable tendency of the younger individual to have the 
most severe septic type of reaction, and of the older to have a hyper- 
plastic or inactive tendency. This is shown especially in group III, 
of which one-third was hyperplastic. 

Drolet (11) found that the greatest mortality rate for pulmonary tu- 
berculosis between the ages of 15 and 19 years was in the female sex, 
being double that of the male; that the two rates per 100,000 approached 
each other from 20-24 years; and that during 25-29 years the male rate 
exceeded the female and rose progressively higher up to 50 to 60 years. 
All other recent figures show that the mortality rate has decreased in the 
last ten years in all age-groups, except that of young girls, where it has 
increased. 


ADMISSION COUNTS 


A leucocyte count was done on the blood of each patient during the 
first week of observation in the Sanatorium. These are called the ‘“‘Ad- 
mission Counts,” and 73 per cent of them were septic to some degree, 12 
per cent hyperplastic, and 15 per cent inactive. The data of these cases 
have been classed as ‘‘Roentgenographic” or ‘‘Clinical,”’ and the various 
subdivisions have been described in order under these headings. 


The Roentgenographic Data 


One hundred and fifty-two Admission Counts were compared with the 
standard roentgenographic classification, and with some especially noted 
interpretations by H. L. Sampson of the Trudeau Laboratory. He noted 
whether the tuberculous lesion was active or inactive from the roentgeno- 
logical standpoint; whether the type of the lesion was predominantly 
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proliferative, exudative, caseous or cavitative; and the intensity of the 
lesion in each lung. 

Of those cases judged active by the roentgenograph, a group which 
included 29 per cent of all the cases, 96 per cent had septic, and 4 per 
cent had hyperplastic counts. Two-thirds of these septic counts were 
highly septic. All of the inactive and 90 per cent of the hyperplastic 
counts were found in the group whose tuberculosis was deemed inactive 
from the roentgenograph alone. It would seem here that the criteria 
of roentgenographic activity, as used by Sampson, are very accurate in 
denoting cases which are pathologically active as judged by the leucocyte 
interpretation. Most of the lesions called active have a septic leucocyte 
picture, indicating the presence of a suppurating, inflamed lesion. The 
septic tendency may be present, however, in cases which give no roent- 
genographic evidence of being active. 

According to the classification of the National Tuberculosis Asso- 
ciation, 146 cases were listed as Minimal, Moderately Advanced, or Far 
Advanced. The table below shows the progressive increase in the number 
of unfavorable septic counts with the increase in the extent of the disease. 


NUMBER HYPER- 
OF CASES SEPTIC PLASTIC RESISTANT | INACTIVE 


ini 37 56% | 24% 5.4% | 13.6% 
Moderately advanced 90 78% | 10% 7.7% | 4.3% 
Far advanced 90 100% 


In another class of special roentgenographic observations, the pre- 
dominant type of lesion was noted in each case. The various types used 
for classification were proliferative, exudative, caseous, and cavitative. 

The proliferative type was divided into three groups, J P, 2 P and 3 P, 
which represented that type of lesion as minimal, moderately advanced 
or far advanced in extent, respectively, by the roentgenograph alone. 
There were no predominantly exudative lesions in the series. The case- 
ous type was divided as 1 C, 2 C and 3 C, according to the same plan as 
the division of the proliferative group. 

The cavitative type was divided into three groups according to the 
size of the cavity-formation. 

Cav. I —Cavity less than 2 cm. in diameter. 


Cav. II —Cavity from 2 to 5 cm. in diameter. 
Cav. I1I—Cavity more than 5 cm. in diameter. 
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Most of the cavitative lesions (80 per cent) were listed in the Cav. II 
group, so that the number of cases in the other two groups was too small 
for accurate percentages. 


HYPER- 
PLASTIC 


Proliferative: 


39 59% | 23% | 5% | 13% 
74 74% | 11% | 9.5% | 5.5% 
100% 


100% 


100% 


Summary: 


All of the lesions were next classified according to the intensity of the 
shadows by roentgenograph. There were three degrees of intensity 
noted: A —least intense, B—moderately intense, and C—consolidation 
and cavity formation. A letter was given to the intensity in each lung 
(A, B, B B, AC, etc., for each case). A number was given each letter 
(A-1, B-2, C-3) and the sum for the individual was used as a rough mea- 
sure of the total intensity of his lesions. This division gave six possible 
groups, which are compared below with the leucocyte interpretation. 


INTENSITY NUMBER OF CASES SEPTIC HYPERPLASTIC INACTIVE 
1 6 33% 17% 33% 17% 
2 26 16% 34% 8.5% 11.5% ' 
3 41 75% 10% 7.5% 7.5% 
4 36 88% 3% 6% 3% 
5 32 88% 9% 3% 
6 5 100% 


These figures indicate that the incidence of the septic leucocyte picture 
increases in frequency with the extent, with the intensity, and with the 
type of lesion. Figures which we have not given here show that the 


NUMBER 
TYPE OF LESION | RESISTANT | INACTIVE 
Caseous: 
LE 
Cavitative: 
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severity of the picture (in number of cells per cu. mm.) also increases 
proportionately. The smallest lesion may be very septic in rare cases. 
The least intense lesions were even less frequently septic to a high degree. 
Conversely, an individual with a large lesion has a small chance of having 
a favorable blood picture. Those lesions most intense, and those cover- 
ing the greatest area, were uniformly a greater stimulus to leucocytosis 
in 100 per cent of the cases. The proliferative type of lesion is least 
septic, and shows less activity and more tendency to heal. The caseous 
lesion is the least favorable type, being almost entirely septic. The 
cavitative cases show the same tendency to a lesser degree. Ninety- 
nine per cent of the nonseptic counts were found to be in the proliferative 
or cavitative groups; 85 per cent in the former. The findings above 
agree with the statement of Medlar that the leucocytic reaction depends 
largely upon the nature and the volume of the pathological substances 
formed. 


The Clinical Data 


The same Admission Cases were then charted against the results of the 
routine clinical examinations. These findings consisted of the clinical 


activity of the case, the presence of moderately coarse rales, the sputum 
Gafiky count, the intracutaneous skin test, the complement-fixation 
test for tuberculosis, and the blood sedimentation test. 

Clinical activity was based principally on whether the patient had a 
temperature of 99° (male) or 99.6° (female), or pulse of 90 (male) or 96 
(female), more than three times a week. 


NUMBER | HYPER- > 
CLINICAL STATUS OF CASES SEPTIC PLASTIC RESISTANT | INACTIVE 


92% 5% 3% 
64% 14% 11% 11% 


The table above shows that only 26 per cent of the cases were clinically 
active, as compared with 39 per cent called roentgenographically active. 
This classification does not include, therefore, as many of the cases with 
septic leucocyte counts. It is interesting to note that the three cases 
which were nonseptic and called clinically active were rated so on pulse 
alone. All of the remainder of the nonseptic counts (93 per cent) were 
clinically inactive. 
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Moderately coarse rales were heard in about half of the cases studied on 
the admission examination. 


NUMBER HYPER- 
MODERATELY COARSE RALES OF CASES SEPTIC PLASTIC RESISTANT | INACTIVE 


77% 9% 9% 5% 
66% 15% 12% 7% 


There seems to be a slight difference, as evidence that rales appear more 
often in the septic cases, or that septic cases have rales more often than 
not. The Diagnostic Standards (12) states that rales may be expected 
to persist for years in inactive cases of tuberculosis, and clinical experi- 
ence at Trudeau has shown that only a moderate proportion of the cases 
with arrested tuberculosis lose their rales. 

The sputum Gaffky counts are ordinarily read as 00 (negative) and 
from I to X (positive). We have made three groups for the sake of sim- 
plicity, and compared them with the leucocytic interpretation. 


NUMBER HYPER-| RESIST- | INAC- 
OF CASES PLASTIC ANT TIVE 


1. Gaffky 00 (or no expectoration) 97 61%|16.5%| 10% |12.5% 
2. Gaftky I to VI 28 | 82%17% | 7% | 4% 
3. Gaffky VI to X 23 | 100% 


(Gaffky I to X 51 90%| 4% | 4% | 2%) 


The conclusions are that the cases with high Gaffky counts are always 
septic, those with positive sputa usually so, and that a nonseptic count 
militates against a positive Gaffky. One would expect this if a septic 
count indicates a suppurating or ulcerating lesion. 

Intracutaneous skin tests were done on most of the patients, using 
Old Tuberculin, in dilutions listed in the table below. All of the cases 
had been diagnosed positive for tuberculosis. 


NUMBER 


OF CASES HYPERPLASTIC} RESISTANT 


DILUTION OF O.T. 


5/1 (0.000001 mgm.).......... 62 10% 8% 
4/1 (0.00001 mgm.)........... 70 14% 11% 
3/1 (0.0001 mgm.)............ 6 17% 
2 


GROUP 
| INACTIVE 
5% 
7% 
33% 
100% 
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The highly sensitive cases include the greatest number of septic leuco- 
cyte counts. This tendency decreases proportionately so that the 
cases reacting only to low dilutions most frequently have a nonseptic 
leucocyte picture. 

The complement-fixation tests for tuberculosis were read in the labo- 
ratory as 0 (negative), 1, 2, 3, or 4 plus, but because the tests are usually 
read as negative or highly positive, the readings have been listed in two 
classes, the first including 0, 1 plus and 2 plus, and the second, 3 and 4 


plus. 


HYPER- 


COMPLEMENT-FIXATION GROUP SEPTIC PLASTIC RESISTANT 


Group I: (0, 1+ and 2+) 67% 15.5% | 6.5% 
0 (negative) 85 66% 15.5% | 7.5% 

0 

5 80% 20% 

54 79% 7% 9% 5% 

23 82.5% — 13% 4.3% 

31 | 74% | 13% 6.5% |! 6.5% 


In the analysis of these figures the tendency is small, but it indicates that 
high positive readings tend to be slightly the more septic, and that the 
relatively inactive leucocyte pictures fall in the negative or low positive 
group. 

The results of the blood (erythrocyte) sedimentation test, following the 
Westergren method, were divided into three classes: group I included 
the normal readings (5 mm. per hour for a male, 10 mm. for a female, 
average of 2 hours); group II those cases called “Slightly Pathological,” 
whose rate was from normal to 40 mm. per hour; group III called “Defi- 
nitely Pathological,” with rates of more than 40 mm. per hour. 


NUMBER HYPER- 


R.B.C. SEDIMENTATION RATE OF CASES SEPTIC PLASTIC RESISTANT | INACTIVE 


I (normal rates) 30 60% | 16.5% | 10% 13.5% 
43 72% | 14% 9.5% | 4.5% 


There is a close relationship between the less favorable leucocyte counts 
and the erythrocyte sedimentation test only when the latter is markedly 
rapid, definitely pathological. The line of distinction is suggestive but 
not definite until one gets to this point. Possibly a lower reading, 30 


INACTIVE 
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mm. per hour, would be a better level. The nonseptic counts are equally 
divided between the normal and slightly pathological groups. What- 
ever the cause of rapid sedimentation is, it apparently does not respond 
to the changing pathological condition as does the leucocyte count. 


Disposal and Progress of Cases 


We next made a study of the leucocytic reaction in relation to recom- 
mendations for treatment on admission, or at any later date, and the 
permission for exercise with its effect. 

Of the cases with septic leucocyte count on admission to the Sanato- 
rium, 41 per cent were sent to bed and 59 per cent were allowed up. Of 
all of these septic cases 43 per cent attained a more favorable blood pic- 
ture and 57 per cent remained the same or became worse. Only one of 
sixteen cases with a hyperplastic count was sent to bed. 

Using 430 counts on 196 ambulant cases, and 291 counts on 125 non- 
ambulant cases, we found that only 50 per cent of the ambulant group 
was septic, while 83 per cent of the latter group was septic. Pneumo- 
thorax cases are included in both groups. 

All of the leucocyte counts called resistant, and all of the resistant 
counts which also included a hyperplastic tendency, were noted, and the 
type of count following each of these was registered. In this way we 
can gain an idea of the effect of an increase in mononuclears (hyperplasia) 
on an otherwise favorable leucocyte picture. A leucocyte count with a 
resistant interpretation has a 33 per cent chance of being followed by an 
unfavorable count and a mo change count in 41 percent. A count which 
is resistant and hyperplastic has a 43 per cent chance of a less favorable 
count following, and only 8 per cent of being followed by a no change 
count. 

It has been demonstrated by several investigators that exercise, among 
other factors, influences the number of leucocytes in the blood-stream. 
This might possibly have some effect on the counts of patients who were 
studied for part of their series in the infirmary and part while ambulatory 
on the grounds, and even though the latter patients were always examined 
before exercise in the morning. An individual with tuberculosis is not- 
ably sensitive to exercise. We noted the condition of the leucocyte 
count (66 cases) before and after a move to or from the infirmary. Ina 
change from the infirmary to the grounds, 80 per cent of the total became 
better or remained the same; 20 per cent became less favorable. When 


ted 
{ 


798 WILLIAM H. OATWAY, Jr. 


the move was to the infirmary, 85 per cent became worse (or did not 
change from the already unfavorable state) and 15 per cent became bet- 
ter. This would seem to indicate that the variations in the type of count 
were due to the tuberculous process. 

It should be most valuable clinically to know what type of leucocyte 
count an individual should have to deserve and successfully maintain 
exercise. All of the cases which had been in the Sanatorium long enough 
to have permission for one hour of exercise twice daily (arbitrarily a 
period of 2 months) were used for this study. There were 195 cases, of 
which one hundred and forty-nine had been residents long enough to 
have qualified for the exercise. 


‘ NOT ATTAINED |ATTAINED 1 HOUR] RELAPSE WHILE 
1 HOUR EXERCISE] EXERCISE ON EXERCISE 


Septic: 92 cases 78—(84%) | 14—(16%) | 4—(22%) 
Nonseptic: 57 cases (including hyperplastic) 12—(21%) | 45—(79%) —_ 


These are among the most significant of statistics, and will go far to con- 
vince the clinical man that the individual with the septic leucocyte pic- 
ture has a dangerous lesion. They show that the cases with septic leuco- 


cyte counts are unable to attain great amounts of exercise; that clinical 
judgment will not allow it to be granted to most of the cases; and that 
one can use the interpretation of the counts as a valuable guide to its 
correct administration and control. 


Relapses 


An analysis was made of the cases which showed a roentgenographic 
increase of tuberculosis to determine the predominant blood trend. 
Thirty-four admission patients had such a relapse during the period in 
which they were followed. Of these cases 94 per cent had septic leuco- 
cyte counts on admission, the other 6 per cent being hyperplastic. 
Another series, those cases other than admission group, showed prac- 
tically the same ratios. 

Whenever there was an unfavorable roentgenographic report on a 
patient, a count was made immediately. Sixty-six such reports were 
received and sixty-five of the cases had an abnormal count at the time of 
the increase. Twenty per cent of these were hyperplastic, and on 
investigation it was found that all of these counts were on cases which 
had had only an increase in size of cavity-formation, or roentgenographs 
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taken after a long interval, showing at that time only an old change. 
The leucocyte count in these cases showed how the lesion was behaving 
at the later date. Those cases which developed a cavity tended to have 
a less septic picture and more mononuclears after the change than on a 


previous count. 
Another division was made of these cases on the basis of roentgeno- 


graphic and clinical activity following the relapse. Of those cases listed 
as roentgenographically and clinically active, 100 per cent showed an 
abnormal leucocytosis. Of the former group 86 per cent had septic 
leucocyte counts. Of all septic counts 90 per cent were roentgenographi- 
cally active. The criteria for clinical activity were not nearly as effi- 
cient. This class had 30 per cent fewer cases listed as active than the 
roentgenographic group, and it included only 60 per cent of the septic 
counts. It did include more of the hyperplastic counts as clinically 
inactive, while roentgenographically the same percentage was active. 
Seventy-two patients came to the laboratory for blood counts, having 
been sent in by the staff or coming in voluntarily for a check-up of their 
clinical condition. Comparing the interpretation of their single counts 
with the roentgenographic and clinical status at the time, it was seen 
that most of the cases had been sent because of clinical activity, as 37 
per cent were so active and only 12 per cent roentgenographically active. 
All of the roentgenographically active counts were abnormal, and all 
but one of these had a septic leucocyte picture. All of the normal counts 
were roentgenographically inactive, and only 3 per cent of the nonseptic 
counts were so active. Apparently the condition as seen by the leuco- 
cyte interpretation indicated a disturbance which was causing clinical 
symptoms in some of these cases, but not causing such cases to be put 
into the more finely drawn class of roentgenographic activity. Then 
there are obviously cases of false clinical activity, the pulse group, in 
which the blood is perfectly normal, and in which there is no roentgeno- 


graphic activity. 


Blood Trends 


The next study was to see whether the blood trend which we call favor- 
able is correlated with the roentgenographic and clinical progress. All of 
the cases (one hundred and eighty-five) which had enough counts to show 
the general tendency of the pathological process were used in this series. 
The resistant, inactive, hyperplastic and septic interpretations were rated 
in order as the most to the least favorable type of count. 
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The blood trend as a whole, and the clinical and roentgenographic 
progress, were classified as: 


a. Improved (to normal) 

(still unfavorable) 
b. Unfavorable 
c. No Change. 


With the leucocyte picture improving to normal, 95 per cent of the 
clinical conditions and 97 per cent of the progress by roentgenograph were 
satisfactory. When the blood trend was improved but not to normal, 
there was 17 per cent of the cases in the roentgenographically and 
clinically unfavorable groups, as well as relatively more in the no-change 
classes. When the leucocyte picture showed no change, 95 per cent of 
the clinical conditions was satisfactory (55 per cent being no change, hav- 
ing been listed on entrance as good), and 97 per cent of the condition by 
roentgenograph was improved or no change. One case showed an in- 
crease in size of cavity and had no change in the leucocyte count. The 
unfavorable leucocyte trend showed 63 per cent of the cases to be un- 
favorable clinically and 20 per cent not changed, with 53 per cent of the 
roentgenographs unfavorable and 17 per cent not changed. 

If the tendency to heal is definitely a transition from septic to hyper- 
plastic to resistant interpretations, and if this is the most favorable type 
of trend, there should be a definite relationship to physical improve- 
ment. Thirty-four individuals had such a trend. Of these, 28 showed 
roentgenographic improvement, 5 showed no change, and 1 case showed 
an unfavorable roentgenograph. This latter was the incidental de- 
velopment of a pleurisy, which had not completely disappeared when the 
series was ended. ‘The progress of these cases confirms very definitely 
the interpretation of favorable progress by the leucocyte count. 


Significance of Lymphocytes and Eosinophiles 


One of the earliest and most constant observations of authors writing 
about the leucocyte count in tuberculosis has been the impression that a 
high lymphocyte count is a good prognostic sign, and that decreases in 
the number of lymphocytes in the blood-stream are unfavorable. We 
have found this so. Medlar ascribes this to the presence of the lympho- 
cyte in the healing lesion. It has already been mentioned that the re- 
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sistant type of picture is the least liable to change unfavorably, but be- 
comes somewhat more unstable with the addition of a hyperplastic trend. 
We have classified the lymphocytes in 725 counts, including 154 counts 
on admission cases, in five groups, dependent on percentage, and the 


equivalent number of cells per cu. mm., as follows: 


I. Excellent. ..32 per cent or more of lymphocytes 


II. Good......25 to 32 per cent of lymphocytes 
| i ae 16 to 25 per cent of lymphocytes 
a re 10 to 16 per cent of lymphocytes 


the hyperplastic type. 


V. Very Poor...less than 10 per cent of lymphocytes 


We have used these standards in an attempt to find a relationship be- 
tween the resistance of the patient, which they possibly represent, and 
some of the same clinical and roentgenographic findings used before in 
this report. In many of the deductions the resistance has been called 
“good or better,” or “fair or worse,” to simplify the conclusions. 

The relationship of the lymphocytes to the other types is given in the 
table below. The septic type has generally a poorer resistance than has 
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TYP: RMAL COUNT RESISTANCE OF 
GOOD OR BETTER) FAIR OR WORSE 


RESISTANCE OF 


slightly worse or showed no change. 


The 65 cases which were shown to have an increase in pulmonary tu- 
berculosis by roentgenograph were analyzed. Thirty-eight had had leu- 
cocyte counts previous to the relapse. The relative resistance was the 
same before and after the increase. Comparatively, 76 per cent were 


NUMBER 


RESISTANCE OF 
FAIR OR WORSE 


RESISTANCE OF 


OF CASES GOOD OR BETTER 


68% 
68% 


A comparison was made of the degree of resistance with the roentgeno- 
graphic and clinical activity of the series of 154 “Admission Cases.” 
Activity, as shown by either standard, definitely lowers the number of 


26% 

74% 26% 
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lymphocytes, the roentgenograph apparently being the more accurate 
for this purpose. 


© : NUMBER RESISTANCE OF | RESISTANCE OF 
154 ADMISSION CASES OF CASES GOOD OR BETTER} FAIR OR WORSE 


Clinically active 38 24% 76% 
inactive 116 61% 39% 
Roentgenographically active 57 25% 75% 


| 
inactive 97 68% | 32% 


The percentage of lymphocytes had only a very slight relationship to 
the results of the complement-fixation test for tuberculosis (228 cases). 
Dividing the readings into Low (0, 1 and 2 plus), and High (3 and 4 plus), 
56 per cent of the first group had Good or Excellent ratings, as did 46 per 
cent of the second. This is a small difference, but coincides with the 
findings that the more favorable case has a negative or low positive read- 
ing. The O. T. skin tests did not show any correlation with the resist- 
ance, possibly because the number of cases was too small (61 cases). 
The erythrocyte sedimentation test had no apparent relation to the 
degree of lymphocytosis in 85 cases. 

The type of lesion (proliferative, cavitative or caseous), as seen roent- 
genographically, was compared with the resistance. Of all of the Excel- 
lent counts, 91 per cent was in the proliferative group. None of the 
caseous cases had an Excellent resistance. 


TYPE OF LESION -| EXCELLENT — GOOD FAIR — POOR 


Proliferative: 117 cases 20 


60% 40% 


Caseous: 32 cases 17 


25% 75% 


2 18 32 11 


32% 68% 


The number of “fair or worse’’ counts in each type lesion increased from 
proliferative to cavitative to caseous, and within each group with the 
extent of the diseased area, according to data not shown in the chart. 
All of the findings in the study of the lymphocytes indicate that the 
height of the resistance varies inversely with the severity of the rest of 


1 
7 
Cavitative: 


LEUCOCYTIC INTERPRETATION 803 


the count, and is descreased in lesions which are doing poorly by roent- 
genographic study, and in cases which are roentgenographically and 
clinically active. The resistance decreases in proportion to the volume 
of diseased tissue and the type of lesion. Strangely, it has no relation in 
this series with the tests of tuberculin sensitivity, or with another prog- 
nostic factor, the sedimentation test. We have also noted cases in which 
the cavities occasionally enlarged, the only evidence of this in the leuco- 
cyte picture being a sudden drop in the number of lymphocytes. A 
decreased tendency to heal would account for this. A rising curve of 
resistance, as gauged by a lymphocytic rise, runs congruent with an 
improving roentgenographic and clinical condition in many cases, but 
some are apparently doing well with a low percentage of lymphocytes. 
We believe this to be a dangerous type of case, however. 

The attempt to interpret the appearance of eosinophilia was unsuc- 
cessful. All of the counts which showed a percentage of 5 per cent or 
more of eosinophiles were noted. Many of these were repeated abnor- 
mals in the same cases. After ruling out the presence of dermatitis, 
parasites, and hay fever, an unsure task, the cases showed very little 
difference as to activity, progress or sex. The eliminated cases were 


all in the improving group. Not enough fatal cases were available to 
note changes. 


SPECIAL TYPES OF CASES 


Aritificial-Pneumothorax Cases 


In a study of the trend of the leucocyte count in cases before and after 
the collapse of a diseased lung, and at later intervals, the results showed 
that the decrease from a septic leucocyte picture to normal was in direct 
proportion to the success of the collapse. Ineffective compression of the 
disease focus showed 90 per cent of the counts still with a septic picture; 
partial compression improved the picture; and 90 to 95 per cent of the 
inactive leucocyte counts were present in clinically inactive and cases with 
an effective collapse roentgenographically. 

Ten cases were selected which had had cavities before pneumothorax, 
and in which the cavities had now completely disappeared. Nine of 
these had a nonseptic result. The tenth was progressing favorably. 
The monocytes apparently remain long after the collapse is complete, 
indicating either a reparative function in caseous foci, or new tubercle- 
formation in the compressed lung tissue. 

There were 34 cases recommended for pneumothorax during the period 
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of study, and thirty-three of them had a septic leucocyte picture at the 
time. The odd case was done by request of the patient for economic 


reasons to rid him of a sluggish cavity. 
Fatal Cases 


Six cases which had been followed by leucocyte counts died during the 
six months’ period. Of this small series, all were both septic and hyper- 
plastic at death, five markedly so. All showed an unfavorable progress 
before demise, and all had a resistance of “fair or worse.” 


Suspect Cases 


Nine cases became patients in the Sanatorium who were classified as 
tuberculosis suspects. Four of these were discharged as suspects on his- 
tory only. All had a normal leucocyte picture. Three were discharged 
classified with a diagnosis of “Unwarranted.” All were normal by blood. 
Two cases were diagnosed as tuberculosis-positive by tuberculin, while 
in the Sanatorium. One had a positive sputum, a hyperplastic leucocyte 
count, and later the picture became septic. The other case was hyper- 
plastic on admission and reacted to the first subcutaneous dosage of 
tuberculin. These cases very apparently demonstrated the condition of 
the patient by the leucocyte interpretation. There has been much ques- 
tion and adverse criticism of the subcutaneous tuberculin test. It is 
possible that the test will become unnecessary, because, with such evi- 
dence as we have here, a few complete leucocyte counts, in conjunction 
with roentgenographic studies, and possibly tuberculin skin tests, should 
be enough to assure a person of his condition at any time, provided there 
was nothing to complicate the leucocyte picture. 

Only four cases were followed completely through a series of adminis- 
trations of subcutaneous tuberculin, but they showed very nicely, by the 
effect on the leucocytes, the effect on the patient. In those individuals 
who would eventually react to tuberculin clinically, there was an early 
rise in neutrophiles, increasingly high with each dose, with a coincident 
drop. of lymphocytes. The systemic reaction was accompanied by a 
septic leucocyte count. In those cases which gave a systemic reaction 
to an early dilute dosage of tuberculin, the reaction by blood was more 
precipitant. In those which eventually failed to react to 0.001 to 0.1 
c.c., the final dose, the leucocyte picture remained inactive through- 
out. Nothing definite concerning the action of the monocytes can be 
said from this small series. 
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Tuberculous Complications 


The two types of tuberculous complications which were available for 
study in any numbers were demonstrable pleurisies and tuberculous in- 
testinal involvement. 

There were 13 cases of active pleurisy diagnosed by roentgenograph, 
not including simple effusions following the institution of pneumothorax. 
Many of the pleurisies occurred in cases which already had a serious pul- 
monary lesion, with a consequent abnormal blood picture. Any dis- 
tinctive features of the pleurisy were thus masked. That group which 
occurred in cases which did not have demonstrable or demonstrably active 
parenchymatous involvement had a definitely abnormal blood picture. 
This consisted of a septic onset, with lowered resistance and a tendency to 
hyperplasia, with later a reversion to the healing picture in the favorable 
cases. It is impossible to tell this curve from that caused by any other 
focus of tuberculosis. The fact that there is an abnormal leucocytosis is 
very often a help in indicating the possible presence of an inflamed pleura, 
or, more rarely, of a tuberculous intestine. 

A diagnosis of tuberculous intestine was made roentgenographically 
on twenty patients. Seventeen of these lesions (85 per cent) occurred in 
cases which had cavity-formation in the lungs. A single leucocyte 
count was done on each case at the time of the diagnosis, and the pro- 
gress of fourteen of these cases was followed by repeated counts at later 
dates. The interpretation of the first count done on each case gave the 


following information: 


20 single counts (including both cavity and noncavity cases) 


19 counts (95% of the total): septic leucocyte picture (100% of the above also had an in- 


crease in mononuclears) 
1 count (5%): hyperplastic picture only 


There were 60 counts done to show the progress of the cases with intes- 
tinal tuberculosis, and they were interpreted as follows: 


60 progress counts (including both cavity and noncavity cases) 


54 counts (90%): septic leucocyte picture (52 of the above (96%) included a hyperplastic 


tendency) 
4 counts (63%): hyperplastic picture only 
2 counts (34%): inactive leucocyte picture 


805 


806 WILLIAM H. OATWAY, Jr. 


In a survey of the progress each case had made toward recovery, as 
denoted by the changing leucocyte picture, it was seen that seven of the 
14 cases which had been followed showed an unfavorable progress, and 
seven showed a favorable progress. None of the latter had returned to a 
normal picture, however. In all of these cases the improvement seemed 
to coincide with the progress of the lung lesion, because all of those with 
a favorable leucocyte trend were caring for their lung lesion successfully, 
and all of those with an unfavorable trend were not healing the pulmo- 
nary process. 

In order to determine whether the presence or absence of pulmonary 
cavity-formation had an effect on the degree of leucocytosis in cases with 
intestinal tuberculosis, an average of the total counts and percentages 


was made in each group. 


POLYMORPHO- 
AVERAGES NUCLEARS MONOCYTES 


With pulmonary cavity: 
17 single counts 
55 progress counts 
Without pulmonary cavity: 


11,151 | 70.6% | 15.7% | 11.6% 
10,659 | 70.5% | 16% 11.5% 


10,250 | 67% 19% 13% 
9,250 | 68% 17.4% | 12.4% 


An analysis of these figures indicates that the tuberculous process 
which is associated with a pulmonary cavity has a tendency to have a 
more septic leucocyte picture than the one without cavity-formation, 
and to have a slightly less favorable tendency to resistance and healing. 

Hayes (13) gives a summary of leucocyte counts made on cases which 
had been diagnosed roentgenographically as having intestinal tuberculo- 
sis, and divides them into pulmonary cavity and noncavity groups. 
The exact averages of the leucocyte counts naturally vary somewhat 
from the ones in our series, but the ratios between the two groups are 
practically the same. The cavity cases show the less favorable type of 


leucocyte picture. 


Haemoptyses 


In studying the records of patients it was found that a past history of 
haemoptysis had no relation to the present condition of the tuberculosis, 
as shown by the leucocyte interpretation. There were 18 patients, how- 
ever, who had frank haemoptyses (1 drachm or more of blood) while at 
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Trudeau. Sixteen cases (89 per cent) had a septic leucocyte picture at 
the time of the haemoptysis, the remainder being hyperplastic. 

Seven of these cases (38 per cent) had an increase of pulmonary tu- 
berculosis as shown by the roentgenograph following the haemoptysis. 
This is about the usual one-third expectation seen in clinical experience 
at Trudeau. All of the seven increases occurred in the group which had 


septic leucocyte counts. 
ADDITIONAL DISCUSSION 


The data in this report will have to be used collectively in an attempt 
to show the value and completeness of the leucocyte interpretation, for 
valuable as is the roentgenograph in expert hands, and as are the other 
adjuncts of prognosis, they cannot be used as an absolute comparison, 
because there is no one of them that reflects the status of the lesion inti- 
mately or in such a manner as does the leucocyte picture. 

Many of the tendencies in this report would have been much nearer 
the absolute had it been possible to follow the cases at shorter intervals. 
To do this would have eliminated many of the instances in which a fur- 
ther intrinsic change had taken place in a lesion between the time of the 
clinical or roentgenographic change and the time the blood was taken. 

It is felt that the cover-slip fixation of the cells as used in this study, a 
common and accepted method of counting leucocytes, has been satisfac- 
tory in allowing recognition of cells and has given a fairly even distribu- 
tion of blood. It is rapid and one may delay counting the smear, an 
impossibility in supravital technique. The supravital technique ob- 
viates some difficulties in recognition of cell type and morphology, but 
it requires a relatively greater expertness and haste. 

Other authors agree that the leucocyte count is only evidence at the 
time taken. In this we concur. Counts should be taken relatively 
frequently. The general trend of the picture is steady, and is usually 
stable, but a certain number of cases change rapidly. We would recom- 
mend that the dangerous, unstable cases be followed weekly or monthly, 
the inactive cases monthly, or less often, and that counts be made for 
clinical check-up at any time. Phthisiotherapists in institutions and in 
private practice can evaluate the effect of any form of treatment or test 
of tuberculosis, and find aid in the dispensing of bed-rest and exercise, 
by the use of routine counts. The author has had communications from 
several sanatorium workers, who, though convinced by the constant 
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results, had nevertheless found themselves erring on occasion by refusal 
to believe what they found. js 

Many extraneous factors are being eliminated as causes of leucocytosis 
in tuberculosis cases. Only those which produce marked tissue damage 
have any effect, and then only for the transitory period of their duration. 
All of those which occurred in this series affected the neutrophiles most 
markedly, except a few cases of influenza, which stimulated a mononu- 
cleosis. 

It is not the purpose of this paper to discuss other methods of dividing 
the blood picture. We have noted along with other data counts in 
which the neutrophiles were embryonic or fragile, that is, the Schilling 
shift to the left, and have gained confirmatory and not accessory know- 
ledge. There is the possibility that the supposed lack of sensitiveness of 
the ordinary differential count heretofore has been due to a lack of a 
normal range or Mode for comparison which was not too elastic. 

The evidence and.general impression which we have gained from this 
study tend to support the viewpoints of Medlar (8) and of Flinn (14) 
that the leucocytic changes precede those of the X-ray. The variable 
clinical symptoms, however, may be present at all times, not at all, or, 


as is usual, last. They may be said to compare closely with the blood 
picture only in the severely septic cases. 


CONCLUSIONS 


1. Using the schema and limits of Medlar in the interpretation of a 
leucocyte count in a tuberculous individual, we have a most delicate and 
complete index of revealing how that individual is handling the tubercu- 
lous process. It is more sensitive than any other classification we have 
when other causes of leucocytosis are absent. 

2. An excess of neutrophiles above normal, the septic picture, is an 
indication of the most severe and dangerous process. It is attended 
very constantly, when it persists, by roentgenographic increases and ac- 
tivity, clinical activity, haemoptyses and debility. 

It is most often found in young adults and notably in the female sex 
at that age. Such a picture precedes death in fatal cases. Lesions of 
large volume and marked intensity, especially the caseous type, are all 
markedly septic. The degree of septicity varies with the bulk of dis- 
eased tissue, and more so with the intensity. Tuberculous complications 
usually have their inception in cases which have septic leucocyte counts. 
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This picture is to be found regularly in cases which clinically have de- 
served bed-rest and pneumothorax. It disappears with rest and pneumo- 
thorax, being usually followed by an increase in mononuclears, the hyper- 
plastic tendency. When a large number of mononuclears is seen in a 
septic count, a great deal of tubercle-formation is to be feared. 

3. An increase in monocytes in an otherwise normal count, the hyper- 
plastic type, is seen as a more favorable, passive type, than the septic. 
It is one step toward the healing stage from the septic, and is associated 
with an increased resistance. It tends to be roentgenographically and 
clinically inactive, and occurs most often in the late age-group, the males 
being most prone to this milder type in the series studied. Patients 
with a constant hyperplastic picture are usually able to be up, and do well 
on exercise. They do not tend to have haemoptyses. 

4. The normal, inactive leucocyte picture is an evidence that the lesion 
is being well controlled at the time, without abscess-formation or hyper- 
plasia. All normal nontuberculous individuals studied came within the 
limits of the normal mode, and the range of counts on completely ar- 
rested cases was always of normal figures. 

5. An increase of lymphocytes, giving the resistant picture, indicates 
a healing lesion, a case which is usually well clinically and inactive by 
roentgenograph. It is the successful result of the therapeutic process of 
rest or pneumothorax. It is most often associated with a lesion of small 
bulk and intensity. There is a greater chance of the count being followed 
by favorable progress than of any other type. 

6. Eosinophiles and basophiles had no demonstrable relation to the 
progress or severity of the cases in this series. 

7. The technique of counting the leucocytes in human blood as de- 
scribed herein is a simple and accurate method. Single counts have a 
merit of value greater than many investigators believe. Prognosis can 
only be made on repeated specimens, but the curve thus obtained is valu- 
able evidence of the actual progress of the lesion. Only long-time obser- 
vation on certain cases will prove the end-effect of certain continuous 
septic counts. 

8. The types used in the interpretation by Medlar seem sufficient when 
intelligently used to show the action of the whole pathological process. 

The author wishes to express appreciation for the help of the Trudeau Staff, the technical 


aid of C. E. Wigderson and others, and for advice in compilation of this report from Dr. 
Medlar, Dr. Heise, Dr. Petroff, Dr. Baldwin and Mr. Sampson. 


WILLIAM H. OATWAY, Jr. 


REFERENCES 


(1) Morris AND TAN: Amer. Rev. Tuberc., December, 1927. 
(2) Sasrn, CUNNINGHAM, DOAN AND KINDWALL: Bull. Johns Hopkins Hosp., 1925. 
(3) Buntinc, C. H.: Phys. Rev., October, 1922. 
(4) Meptar, E. M.: Am. J. Path., 1926, ii, 275. 
(5) Meprar, E. M.: Ibid., 1926, ii, 291. 
(6) MEDLAR AND KastTiin: Amer. Rev. Tuberc., December, 1927. 
(7) MEDLAR AND KastTitn: Am. J. M. Sc., clxxiii, 824 & 835. 
(8) Meptar, E. M.: Amer. Rev. Tuberc., 1929, xx, no. 3. 
(9) Meprar, E. M.: Am. J. M. Sc., clxxvi, 72. 
(10) Petrorr, S. A.: Personal communication. 
(11) Droret, G.: Communication to F. H. Heise. 
(12) NATIONAL TUBERCULOSIS Ass’N: Diagnostic Standards, ed. 6, April, 1926. 
(13) BRown AnD Sampson: Intestinal tuberculosis, etc., Chapter by J. N. Hayes, Lea & 
Febiger, 1926. 
(14) Fury, J. W.: Ann. Int. Med., January, 1929. 


810 

4a 


A SYSTEM OF READING X-RAY FILMS! 
For Use in Sanatoria 
DUNCAN McRAE 


This system has been in use in the Manitoba Sanatorium and extra- 
mural clinics for two years. It has given satisfaction. It is simple, 
concise and comprehensive. It facilitates cross-indexing, so that the 
assembling of any one class for special research is simply a matter of 
looking up a column in a ledger. That section of the classification deal- 
ing with positive tuberculosis films provides 1800 categories (types (2), 
x subtypes (3), X location of disease (3), « degrees of disease (4), 
degrees of fibrosis (5), X degrees of activity (5)). Each lung is read 
separately, and added to this are such inconstant findings as cavities, 
calcifications, retractions, etc., so that altogether a very accurate and 
detailed reading is obtained. 

The section of the classification dealing with tuberculosis films is de- 
veloped from a classification used by Caulfeild and Richards (1). 

“The healthy chest” is discussed by Pancoast, Baetjer and Dunham 
(2). 


THE CLASSIFICATION 


Figure 1 is a schema of the complete classification. The legend de- 
fines briefly the subtypes of the tuberculosis part of the classification. 


HEALTHY CHESTS 


In conformity with the N. T. A. committee’s recommendation (2) we 
have discarded the term “normal chest” and use, as they advise, “healthy 
chest.” 

A healthy chest which shows no defects of any kind is classified as a 
“healthy chest 4” (a very markedly healthy chest; or normal chest, if that 
term be permissible at all). 

A “healthy chest 3” is one with very slight bronchial thickening in 
some area and the patient gives no other findings or history suggestive of 


present disease. 
A “healthy chest 2’ shows slight bronchial thickening with slight to 


moderate calcification at the roots and the patient gives no other findings 
or history suggestive of present disease. 

1From the X-Ray Department of the Manitoba Sanatorium, Dr. David A. Stewart. 
Medical Superintendent, Ninette, Manitoba. 
811 


a 
| 


812 DUNCAN McRAE 


A “healthy chest 1” shows still further departure from the normal but 
because of lack of symptoms or physical signs or suggestive history we 
must conclude that the patient is healthy. It is obvious that in the event 
of examination or history being lacking the healthy chest 1 can be classi- 
fied only as Indeterminate. 


INDETERMINATE CHESTS 


Indeterminate chests are frankly those in which the examiner is unable 
to arrive ata conclusion. There are degrees of thickening or studding or 
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calcification or other abnormal shadows but these are not enough in them- 
selves or lack adequate confirmation by history or clinical findings to 
put them in definite classes. 


SUBMINIMAL CHESTS 


Subminimal chests are those in which there is a suspicion of tubercu- 
losis but the film-shadows are not enough in themselves and lack adequate 
confirmation by clinical findings and history to diagnose tuberculosis. 
It is well to use the “degree” notation (1, 2, 3, 4, as explained below) 


Acote Chronic Bronctiecfasis 
of of 
12.304 12.3 
Degree. Degree. 
| 
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with subminimal films, for the class includes those in which there is a 
bare suspicion of tuberculosis and those in which one is almost prepared 
to diagnose that disease. 


TUBERCULOUS CHESTS 


The legend (figure 1) along with the schema gives the essentials for 
understanding the classification of tuberculous chests. We have tried 
to adhere as closely as possible to familiar methods of classification 
(1), but it will be noted that Miliary B and C are “new” classes. 


JACKSON, John . 
MANITOBA SANATORIUM 
SERIALNO. 97 X-RAY RECORD 


97-4-Cl-Aug 9/28;RD up 2,tied 2;Ang ribs R 2;H to R12; T to R 3;R Scol 2at 5 V. 
" LI-Root large 2; Ca root 2, ap 2; Min ap 2; Fib 3; Act 0. 
RL-Root up 2, large 3; Ca root 2; Interm 2 ap 4;Th W cav ap 4.f1.Fib 3;Act 2. 


97-4-Bl-Aug 11/28;Pos Tb,caecum 4,AC 2,TC 2; Hypermotility in ileum. 
97-4-Sl-Aug 14/28; Lumbar region. 


97-4-Hl-Aug 14/28; R antrum clouded 3. 


97-4-C2-Dec 20/28;RD up 2,tied 2;4ng ribs R 2;H to R1;T to R 3; R Scol 2at 5 V. 


LL-No change. 
RL-Root up 2, large 3; Ca root 2;Ext ap 4,hilar 3,base 2;Th W cav ap 4,f1; 
Fib 2; Act 3. P of D 2. 
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SEPTIC CHESTS 


Bronchiectasis is a chronic sepsis of the chest, but there are aetiological 
and pathological factors that differentiate it from that condition we 
designate to-day as “chronic sepsis.”’ Bronchiectasis may sometimes be 
distinguished from chronic sepsis by the appearance of the films alone, 
but will usually have to be confirmed by other findings. The division 
into fusiform and saccular types of disease demands demonstration by 
lipiodol injection. 


READING FILMS 


Figure 2 is a typical series of readings on a 5 x 8 filing card. To save 
time and space the following abbreviations are used: 


Co, 
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Ap—apical-apex (refers to upper third of lung) 
Act—activity 

Adh—adhesions 

Ang—angulation of ribs 

Base—base or basal (refers to lower third of lung) 
Ca—calcification 

Cav—cavity 

Cav fi—cavity with fluid level 
Cerv—cervical 

Comp Emph—compensatory emphysema 
C V—cervical vertebra 

D—diaphragm 

Eff—effusion 

Emph—emphysema 

Ext—extensive tuberculous lesion 
Fil—fluid 

Glands—glands enlarged 
Gen—generalized 

H—Heart 

Hemi T—hemithorax (general retraction of one lung box) 
Hilar—perihilar or perihilum (middle, third of lung) 
Horz—horizontal 
Indeterm—indeterminate 
Intermed—intermediate tuberculous lesion 
Irreg—irregular 

I—left 

L L—left lung 

M—nmediastinum 

Min—minimal tuberculous lesion 
Mil—niliary tuberculosis 

Notch o—cardiac notch obliterated 
Pb—peribronchial 

Pb Th—peribronchial thickening 
Pil—pleura; pleural 

Pl Th—pleural thickening 
Px—pneumothorax 

P of D—progression of disease 

R—right 

Reit—retraction 

R L—right lung 

Root up—retraction of root towards apex 
S—spine 

Stud—studding 

T—trachea 

Teni—tented 

Th—thickening; thick. 

Th W—thick-walled 

Tied—tied at costo—phrenic angle 
Trans—transverse 

T V—Thoracic vertebrae 
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Up—elevation of; elevated 

V—vertebra 

Vert—vertical 

W—used only in Th W—thick-walled (of cavities) 


RULES FOR READING 


Write in correct number of film and date. Do not make any negative 
observation (for instance, heart normal) for it is useless. 

Note first any abnormalities of general outline of chest; position or 
shape of diaphragms, heart, mediastinum or trachea; angulation of ribs, 
scoliosis or other bony abnormality; calcification of cartilages or calcified 
glands in the neck, or any other positive finding outside the lungs that 
may be of importance. 

Read the left lung completely, then the right; the classification of the 
chest is the sum of the readings of the two lungs and for sake of brevity 
need not be written down. 

Always observe the same order of reading for by so doing one is less 
likely to miss something. 

Abbreviate as much as possible and be very painstaking in punctuation, 
because incorrect punctuation may change the sense, make it ambiguous 
or unintelligible. 

State the activity in every set of films for frequently the degree of ac- 
tivity is the only difference to be noted in a series of films. 

One of the figures 0, 1, 2, 3, 4, following a word always indicates none, 
slight, moderate, marked and very marked respectively. If the degree 
of change from a preceding set of films in a series does not warrant a 
change in notation (for instance, activity 2 to activity 3) one may use 
the words plus and minus to indicate slight changes (forinstance, activity 
2, to activity 2 plus). 

The invariable factors to note in a reading are—class of disease (ex- 
tensive, intermediate, minimal; miliary, A, B or C), location of disease 
(apical, hilar or basal), degree of disease (1, 2, 3, 4), degree of fibrosis 
(fib. 0, 1, 2, 3, or 4) and degree of activity (act. 0, 1, 2, 3, or 4). The 
variable factors are cavities, pneumothorax, adhesions, retractions, etc., 
and these should be noted and commented on; (for instance, “Th W cav 
ap 4, fl,” means there is a very large thick-walled cavity at the apex with 
a fluid level showing). 
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FILING FILMS 


Each patient on admission is given a number. This consists of (a) 
the number of the box in which the films are to be stored; (b) the posi- 
tional number of the patient’s filing envelope in that box. Given 97-4 
as a patient’s number we know at once that his films are in box 97 and in 
the fourth envelope from the right in that box. 

97-4-C 1- is the number on the patient’s first chest films and 97-4-C 2, 
97-4-C 3 - etc, are the numbers of subsequent chest films (see figure 2). 

In a similar way 97-4-B 1 is the number of his first barium series, 
97-4-S 1 the first spine plate and 97-4-H 1 the first head (sinus) plate. 
We take so few films outside of these categories that we number them all 
under ‘‘miscellaneous”-M 1-M 2, etc. 

This method of numbering each film of a series permits of their being 
filed in sequence within the envelope and also of their being arranged for 
viewing in series much more readily than by referring to the dates they 
were taken. 


INDEXING OF CONDITIONS 


Figure 3 shows two specimen pages of our indexing ledger, which are 


self-explanatory. 

We find a loose-leaf ledger more satisfactory for our purpose than a 
card-index. 

Conditions we index are positive tuberculosis, subminimal chests, sep- 
tic chests, healthy chests, cavities, pneumothoraces, calcifications, fibro- 
sis, retractions, new growths, empyemas, chest curiosities, and in fact 
any condition of which we wish to keep a record for reference or research. 


REFERENCES 


(1) CAULFEILD AND RicHarps: Can. Med. Assn. Journal., July, 1927, 794. 
(2) PancoastT, BAETJER AND DunHaAm: Amer. Rev. Tuberc., April, 1927, 429. 


817 


THE TREND OF TUBERCULOUS INFECTION 
H, E. KLEINSCHMIDT 


The trend of the tuberculosis death-rate continues downward. The 
_ morbidity or case-rate has declined in about the same ratio as the death- 
rate,—at least that general impression seems not to be disputed. One 
explanation offered for the spectacular downward trend of tuberculosis 
is that biological forces operate in sweeping waves or cycles; that tuber- 
culosis now happens to be on a downward slope of such a cycle; and that 
sooner or later it will again victoriously ride a mounting wave. Itisa 
dismal doctrine! Another hypothesis is that the race is gradually be- 
coming inured or “tuberculized”’ against the serious effects of the disease 
through a constant exposure to it. The term “‘tuberculized” is often 
loosely used. If it is so broadly interpreted as to include all the forces 
and influences which give man the whiphand over the tubercle bacillus, 
such an explanation might be acceptable. But if, as is more generally 
the intent, the term is supposed to mean becoming infected with the 
tubercle bacillus and consequently developing a relative immunity, the 
theory is rudely shaken by the many indications of a declining infection- 
rate in the face of a declining death-rate. It seems more reasonable to 
assume that the whole pyramid is shrinking, that is, death-rate, case- 
rate and infection-rate. 

Niageli astonished the world about thirty years ago when, as the result 
of his autopsy studies, he concluded that nearly everyone has a little 
tuberculosis before he dies. Shortly afterward, Pirquet so simplified the 
technique of the tuberculin test that it was possible to determine infec- 
tion in large numbers of living persons. Studies made from about 1907 
to 1917 confirmed Nigeli’s assumption in general, for the Pirquet test 
proved positive in about 90 per cent of persons in urban communities 
by age 20. However, the percentage of infection among rural people 
was much lower, and it was also discovered that the percentage of positive 
reactors among children increased with age. 

Proof, of course, is wanting, but there are enough straws in the wind 
to warrant the assumption that the infection-rate, as measured by the 
tuberculin test, is lessening. A few “straws” are these: 
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Krause stated in 1926: 


I am inclined to believe that children with tuberculous infection are becoming 
fewer. Until lately, I was inclined to look with some suspicion on reports of 
the incidence of childhood infection (as determined by skin tests) which made 
this unusually low according to our standard ideas formed largely between 
1910 and 1915. To-day there is about one-half the general mortality from 
tuberculosis that there was before, and I am beginning to wonder whether 
these later records are not revealing to us what we are too blind to see, that is, 
that the number of infected children is growing smaller. 


W. S. Leathers, in Trend in the Control of Tuberculosis (Southern Medi- 
cal Journal, November, 1927), says: ‘‘While former investigations indi- 
cated that an average of 70 per cent of children were infected before 
attaining the age of 15, recent studies show that this percentage has prob- 
ably been decreased to as low as 60 or possibly 40 per cent, and even lower 
in some groups.” 

Goldberg, in A Changing Picture in Childhood Tuberculosis (Bulletin, 
Chicago Municipal Tuberculosis Sanitarium, December, 1927), reports: 


It has been my impression, judging from dispensary practice, that in recent 
years the number of our reactions is becoming less; in other words, we have 
less tuberculous infection in the community than we used to have. We have 
recently instructed our dispensary physicians to make Von Pirquet tests on a 
large group of dispensary children under fifteen years of age. We have divided 
the children into contacts, non-contacts and children who have been in contact 
but are now removed. We expect to find some interesting results and show 
that the percentage of Von Pirquet positives, both in infancy and early child- 
hood is becoming less. 


At least one American community furnishes some facts which, while 
not comparable in detail, are at least significant. In 1917, when the 
Framingham Demonstration under the direction of Armstrong was be- 
gun, 460 children whose ages ranged from 1 to 7 years (and averaged 
4.7 years) were given the tuberculin test. Of these 33.3 per cent re- 
acted positively. In 1926 the Massachusetts State Clinic tested 520 
Framingham children whose ages ranged from 3 to 15 years (and aver- 
aged 10.4); 24.8 per cent reacted positively. The age-groups were not 
identical, but there is enough overlapping in the two studies in the age- 
period 3 to 7 to point strongly to an absolute reduction in the infection 
rate. This is made all the more striking when the graphs for 1917 and 
1926 are placed one above the other and compared. 


1917 
FRAMINGHAM 
DEMONSTRATION 
Total examined ~— 460 
erage age . 4. 


SS 


: 
© 
n 


10.4 


of Framingham, Massachusetts, 1917 and 1926 


examined —— 520 


1926 


STATE CLINIC 
Average per ee positive 24.8 


Average age 


Total 
Cuart 1: Comparison of tuberculin reactors among children 


A steady decline in the infection-rate should not surprise us. For 
twenty years the organization, educational and sanatorium work has 


40-4 
30-4 
ie) 


been pushed vigorously. To-day some 73,000 tuberculosis patients are 
Age 


segregated in sanatoria in the United States. Other thousands have 
had their course of training in the sanatorium and are presumably more 
cautious about spreading tubercle bacilli to those with whom they come 
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in contact. What else should we expect than that these efforts should 
result in lessened opportunities for becoming infected? ‘The steady re- 
duction in the rates of mortality, morbidity, infection is a beneficent 
circle. No,—not a circle but a spiral, for a circle is endless. But where 
will the spiral end? In the ultimate suppression of tuberculosis or in 
catastrophe? Thus far all has been well, but as meddlers in the scheme 
of nature it behooves us to look this gift-horse in the mouth. 

Eugenists gloomily remind us that by our present methods we are 
developing a weakened race. As fewer children grow up with an acquired 
immunity, the threat of widespread tuberculous disease looms larger, in 
substantiation of which is often cited the experience of a South Sea 
Island tribe, which suffered a devastating epidemic of tuberculosis when 
the disease was there first introduced by civilized men. That single in- 
cident need not frighten us, for the situations are by no means parallel. 
For one thing, civilized people have become “‘germ conscious” even as 
they have developed a “traffic sense,” without which the sudden intro- 
duction of high-powered automobiles would be a disaster. Because 
natural selection is nature’s way does not prove that it is the best way. 
Indeed, the haphazard methods of nature, whereby immunization is pur- 
chased at the risk of developing the disease, seem wasteful. In other 
affairs man dares to manipulate her laws in such a way as to redound to 
his advantage. Time was when the only security one had from typhoid 
fever was by acquiring an immunity through having the disease. The 
90 per cent of those who survived the attack were thereafter safe against 
typhoid. Now our chief protection lies in artificially purifying water 
supplies, and most of us are doubtless highly susceptible to typhoid. 
Should we ever relax in our sanitary precautions (leaving artificial vac- 
cination out of the picture), woe is us! Eternal vigilance is the price of 
security; but that is a cheaper price to pay than was the old one of sacri- 
ficing annually thousands of lives. As Krause says, speaking of tuber- 
culosis, “The only rational attitude is to protect all human beings of 
whatever age against exposure.” 

But that, perhaps, is sentiment. A sounder reason for believing that 
the threat of tuberculosis will not be increased by preventing infection, 
is based on an understanding of the biology of tuberculosis. According 
to our present knowledge, the only specific immunity against tuberculosis 
is that acquired as the result of mild infection.1. And here the laws of 


1For purposes of this discussion Calmette’s method of artificial immunization is not 
considered. 
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chance play an important réle. The chance of becoming infected is 
contingent on the possibilities of exposure to “doses” of tubercle bacilli 
and the massiveness of those doses. These possibilities are determined 
largely by the number of bacillary cases that may come in contact with 
the uninfected. A single exposure may, of course, infect the infant 
almost immediately after birth. But by and large the chances are spread 
over a period of years, so that, for a large number of people the “chance” 
curve will inscribe a steady upward trend year by year. Chadwick 
plotted the percentage of tuberculin reactors according to age of 42,071 
school children routinely examined in Massachusetts. While the age- 


Per cent 
35 


30 


From: 

“The Incidence of Tuberculous 
Infection tn School Children’? 
by Chadwick and Zacks, 
New England Journal of Medicine, 
February 1929, volume209 page 333 


Age °s 6 7 & 9 10 rT 12 13 14 15 
Humber 902 2525 3653 4313 4673 5,230 5,447 5,451 4789. 1920 


CuHarT 2: Positive Pirquet tests, by age 


groups under five are not included in this study, it is noticed that the 
trend-line is steadily upward.2 Any first-class gambler would recognize 
in this trend-line a picture of the chances a given individual might run 
in meeting the tubercle bacillus during a given period of years. 

What basis is there then for the assumption that, when the great 
majority of people are highly susceptible because they have not been 
protected by nature’s haphazard method of infection, the reintroduction 
of tuberculosis will sweep through the land like a pestilence? That is 
not the way in which the epidemicity of tuberculosis operates. 

? If we had similar statistics of groups beyond the age of fifteen years we should doubtless 
find that the curve gradually flattened out, even as it would necessarily make a steeper 


ascent before the age of five. As we grow older, become more careful and allow fewer close 
contacts, the chances of acquiring infection become less. 
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Or to put the question in another way, is the infected adult, say at 
age 30, in greater danger of acquiring the disease tuberculosis than is the 
uninfected child at birth? Presumably not. In so far as the possibility 
of becoming infected is concerned, both are toeing the same mark and 
in the same number of years both will encounter the same number of 
exposures, except that the adult will be favored by a decided handicap 
because he has learned how to avoid some of the obvious contacts at 
least. According to our present knowledge the only specific immunity 
against tuberculosis is that acquired as the result of infection, which in 
turn depends upon the number of doses encountered and their mas- 
siveness. 

And when the time comes that the chances of a child becoming im- 
munized through small casual contacts are reduced to a minimum, and if 
at that time we still feel that a child should be immunized, then, as has 
been pointed out by Baldwin, some such artificial method of vaccination 
as that being developed by Calmette may be applicable. 

In practice, of course, we seek not only to prevent infection but also 
to build up the resistance of the infected. But, as an ideal to shoot at, 
is it not better to annihilate the enemy completely, if that is possible, 
than to commit ourselves and future generations to an ignoble truce 
whereby the human family agrees to “‘put up with” the perpetual para- 
sitism of Bacillus tuberculosis? Not that such high resolve will imme- 
diately affect our present methods of warfare but because such a daring 
philosophy will color our thinking and eventually our doing. 

To eradicate tuberculosis completely implies the absolute extinction 
of the tubercle bacillus. Thinking and planning in terms of years as 
most of us do, it seems utter folly to consider so remote a possibility. 
Yet geological evidence of the total disappearance of numerous plant 
and animal species that once dominated the earth is plentiful. Nor is 
the extinction of a given species necessarily dependent on the slow and 
cumbrous manoeuvres of natural evolution. The North American 
buffalo, that once swarmed over the prairies, narrowly escaped annihila- 
tion only because governmental interference has stayed the wanton hand 
of man. In the field of parasitology we have the example of the control 
of foot-and-mouth disease. The only known method of stamping out 
this swift and sweeping epidemic of animal life is to “plow it under’ by 
promptly and ruthlessly killing and burying all animals that have the 
disease or that have been in the mere vicinity of it. By such drastic 
measures the last great epidemic’of 1924 was put down: an herculean 
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task necessitating the wholesale destruction of herds of cattle and at 
least 20,000 deer in the wild state. For a period of five years there has 
been not a case of foot-and-mouth disease, though, of course, time alone 
will tell whether the extinction of the microérganism that causes it has 
been final. 

Granting the abstract possibility of wiping out a microérganism, human 
nature must also be reckoned with,—a human nature which is fitful and 
forgetful. Experience shows that a populace plagued by a disease enemy 
may be roused to such a pitch as to depress the danger to a vanishing 
point. When the menace no longer threatens, interest lags, vigilance 
relaxes, and then the enemy, like a noxious weed, sweeps once more into 
the unprotected ranks. For this reason the history of smallpox since 
Jenner’s time is one of sporadic recurrences alternating with periods of 
quiescence, but never of complete conquest. 

Tuberculosis still occupies the centre of the stage. An army of workers 
supported by practically everyone is warring against it. The gains won 
from the enemy have for several generations been steady and consistent. 
How long will public interest endure? If, as we are so frequently re- 
minded, the death-rate has been cut in half in the past two decades, it may 
be assumed that the stimulating reminders of the danger are only half 
as many, and that hence active interest or at least fear of the disease 
has been reduced in the same ratio. When the sight of a consumptive 
becomes as rare as a pock-marked face, will there be enough sparks of 
public interest to spur us on to a finish fight? If we have the hardihood 
and the sustaining faith to keep up the pace set in the past twenty years, 
three or four generations hence might celebrate the triumph of extin- 
guishing the last tubercle bacillus. Not failure but low aim is crime. 
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Serological Immunity in Tubercu- 
losis.—The slight changes occasioned by 
intraperitoneal superinfection in tuberculous 
guinea pigs is attributable to antibodies 
favoring lymphocytosis, and a phagocytosis 
and lysis of tubercle bacilli. These lytic anti- 
bodies occurring, especially in the serum and 
in exudates from superinfected animals, are 
transferable to normal animals. Upon in- 
traperitoneal injection of 1 mgm. of tubercle 
bacilli, mixed with 1 cc. of serum or exudate 
from a superinfected animal, into normal 
guinea pigs, findings occur similar to those 
seen in a tuberculous animal after intraperi- 
toneal superinfection. In guinea pigs the 
pleural exudate was especially active when 
it had been obtained from rabbits after in- 
travenous superinfection. Similar effects 
were obtained with pseudoglobulin fractions 
of serum from specifically treated tubercu- 
lous cattle or from tuberculous human exu- 
dates. The serum of bovine-infected animals 
was active against human bacilli and vice 
versa. A means of gauging a tuberculous 
serum was the Pfeiffer experiment. Agglu- 
tinins, tropins for tubercle bacilli, and com- 
plement-binding substances were almost or 
entirely lacking in the sera. The allergy 
produced by the tuberculosis serum or its 
pseudoglobulin in normal guinea pigs re- 
vealed itself, after subcutaneous infection, 
by an inflammatory reaction at the inocula- 
tion site and a retarded ulceration. The 
animals were also sensitized to the intra- 


cutaneous or subcutaneous injection of 
watery extracts of tubercle bacilli, and less 
so to Old Tuberclin. In tuberculous guinea 
pigs the Koch reaction diminished earlier 
after serum treatment. Treatment with 
dead tubercle bacilli or their derivatives 
occasioned only a weak tuberculin hypersensi- 
tiveness in guinea pigs and rabbits.—Uber 
Tuberkuloseserum. Beitrége zum Mechanis- 
mus der Immunitét bei Tuberkulose, O. 
Ornstein, Zeitschr. f. Hyg., 1928, cviti, 360.— 


Immunization of Guinea Pigs with 
Dead Tubercle Bacilli.—Roemer, Baldwin 
and Bessau have shown that skin sensitive- 
ness to tuberculin can, in some instances, be 
induced in animals by the injection of heat- 
killed tubercle bacilli. These results have 
not only been confirmed by the authors, but 
the new fact has been brought out that such 
hypersensitiveness did not vary, in so far as 
intensity of the allergy was concerned, from 
that obtained when animals were infected 
with living virulent material. Koch’s cuta- 
neous, Long’s intratesticular and Paterson’s 
intrapleural phenomena have been demon- 
strated similar in every respect to the reac- 
tions in infected animals. In a later work 
the authors also demonstrated that guinea 
pigs treated with heat-killed tubercle bacilli 
possessed some immunity to virulent infec- 
tion, but now realize that they used too large 
an infective dose for testing the immunity. 
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The present paper represents further obser- 
vations on the relative immunity to a definite 
number of living virulent organisms of 
guinea pigs so treated. The material used 
for sensitization was human tubercle bacillus 
(H 37) cultivated either on potato or syn- 
thetic broth. A few weeks’ growth was 
removed, dried between blotting paper, tri- 
turated in a mortar and made into a sus- 
pension. After allowing the coarse particles 
to settle, the supernatant portion was re- 
moved, the reaction adjusted to pH 7.2 and 
the dry weight determined. This suspension 
was then put into small vials and heated at 
100°C. for one-half hour, after which it was 
ready for use. The route by which the 
heat-killed tubercle bacilli are introduced 
into the animal plays a very important réle 
in obtaining uniformly positive results. 
Many routes were tested, including intra- 
cardiac injections, feeding, inhalation 
(sprays), conjunctivae and intranasal in- 
stillations, intratesticular and intraperitoneal 
injections. The last two methods gave the 
best results, the intratesticular route yielding 
100 per cent positive reactions (skin tests) 
to old tuberculin, within fourteen days 
(16 pigs), and remaining so for from five to 
eight months; and the intraperitoneal route, 
95 per cent positive reactions in from four- 
teen to twenty days (75 pigs), and remaining 
so for at least seven to eight months. IJm- 
munity Experiments: One hundred and 
fifty healthy tuberculin-negative (skin test) 
guinea pigs were selected, weighing from 350 
to 600 gm., many of them being of pure 
white stock. One-half of them received 3 
intraperitoneal injections of heat-killed 
tubercle bacilli at three- to four-day intervals 
to the total amount of 7.5 mgm. The re- 
maining animals were kept in a separate 
room and used as controls. Two weeks after 
the completion of sensitization 65 of the 
sensitized animals and 66 of the controls 
remained alive. All animals were tested 
intracutaneously with 5 per cent old tuber- 
culin. All of the controls were negative to 
tuberculin and 95 per cent of the sensitized 
animals reacted positively (criteria for 
evaluating the skin test are not given). The 
animals were now divided into three groups, 
A, B and C, each group consisting of an 
approximately equal number of sensitized 
animals (AJ, B1, C1) and controls (A2, B2, 
C2), great care being taken that the animals 
in each group corresponded as nearly as 
possible in weight and sex. In selecting the 
infecting dose, care was taken to avoid too 
large a dose and to inoculate a definite 
number of living microdrganisms, the viru- 
lence of which had previously been deter- 
mined. A fourteen-day growth of human 
tubercle bacilli (H 37) cultivated on a syn- 
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thetic medium was used for inoculation of 
both the sensitized and the control animals. 
The growth was removed and a suspension 
of the microérganisms prepared according 
to Jennings’s methods. The microérganisms 
were counted and the suspension diluted 
with saline solution. Injections were made 
subcutaneously near the groin. Groups Al 
and A2 each received 440 micro6érganisms, 
Bi and B2 4400 and Cl and C2 44,000 mi- 
crodrganisms. The minimal number of 
bacilli for a definite infection isestimated to be 
approximately 25. The findings at autopsy 
were recorded from 0, no gross tuberculosis, 
through +, ++, etc, to +++4+, 
which represented fulminating generalized 
tuberculosis. The one-plus group represents 
those with lesions limited chiefly to the site of 
inoculation. The results follow: In group A 
the average duration of life, taking the general 
mortality, was 369 days for the sensitized 
animals and 295 daysforthecontrols. How- 
ever, in the group only 6 of the sensitized 
animals died of uncomplicated tuberculosis, 
while there were 14 such deaths among the 
controls. In the sensitized group the first 
death from tuberculosis occurred on the two 
hundred and eleventh day and in the control 
group on the one hundredth day. In group 
B (4,400 microédrganisms) the average 
duration of life was 273 days for the sensi- 
tized and 236 for the control animals. As 
intercurrent diseases were more prevalent 
in this group, there is less difference between 
the sensitized animals and the controls in 
survival. Seven of the sensitized animals 
and all of the controls died of tuberculosis. 
The earliest death in the sensitized group 
was on the one hundred and seventy-ninth 
day and in the controls on the ninety-sixth 
day. In group C (44,000 microérganisms) 
the average duration of life was 303 days for 
the sensitized animals and 168 days for the 
controls. The duration of life of the sensi- 
tized animals was almost 100 per cent longer 
than that of the controls, and, in addition, the 
former very definitely showed fewer cases 
with +-++-++ tuberculosis. Eleven of the 
sensitized and 15 of the controls died of 
tuberculosis. A chart is shown depicting 
the percentage of deaths (from all causes) 
up to 250 days and at the end of the experi- 
ment (630 days). In the former period the 
deaths in groups B1, B2 and C1, C2 closely 
approximate each other, each showing about 
twice as many asthe A group. In the whole 
period of the experiment the deaths in the 
control pigs of each group closely approxi- 
mate 100 per cent, whereas in the sensitized 
groups A1 shows 54 per cent, B1 75 per cent 
and Ci 95 per cent dead, the greater mor- 
tality correlating the higher dosage. ‘There 
was also a very definite correlation between 
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the extent of the lesion and the size of the 
dose. In group Al there were 9, in group B1 
six, and in group C1 two with no macroscopic 
tuberculosis. At the beginning of the ex- 
periment there was no intercurrent disease 
noted among the animals. However, this 
difficulty began to manifest itself soon after 
the test inoculations. It would be ideal if 
guinea pigs could be bred entirely free from 
infectious diseases, but this is not practicable 
in close quarters. It has been customary in 
the past to make all inoculations subcutane- 
ously. The bacilli are thus localized so that 
their destruction depends chiefly on the 
local reactions of the surrounding tissues. 
No direct studies have been made to deter- 
mine what normal and acquired protection 
the fluids of the blood exercise. To investi- 
gate this point a series of 20 guinea pigs, ten 
of whom had been sensitized by heat-killed 
bacilli as in the preceding experiment, were 
inoculated intracardially with 500 human 
tubercle bacilli (H37) approximately twenty 
days after the last sensitizing dose. The 
average duration of life was 293 days in the 
sensitized animals, 6 of these being killed 
at 348 days. At that time only one of the 
controls was living, the average length of 
life in this group being 165 days. Only one 
of the sensitized animals had a 3-plus involve- 
ment, all the rest being one plus or o. There 
were three of the latter. In the control 
group, three had 4 plus, four 3 plus, two 2 
plus and one 1 plus. None of the controls 
were free from infection. This intracardiac 
infection experiment yielded the best results. 
In all probability the bacilli came more 
directly in contact with the defensive 
mechanism present in the sensitized animals. 
The degree of immunity established by this 
method of sensitization cannot be regarded 
as insignificant. The failure of others to 
obtain an appreciable protection is believed 
by the authors to be due partly to the large 
number of infecting microérganisms and 
partly to the method of infection used in 
testing the immunity. It is not probable 
that an absolute immunity against virulent 
tubercle bacilli can ever be obtained no 
matter what method is used, either by the 
use of living virulent, living avirulent or 
dead microérganisms. So far as the dosage 
of infection in infants is concerned, excessive 
doses must be uncommon, hence how un- 
reasonable it is to test the immunity of 
sensitized animals by inoculating large num- 
bers of infecting microérganisms. The main 
obstacle in the experiment has been inter- 
current disease, and it has not been deter- 
mined just what influence such disease has 
on the progress of the tuberculosis. It would 
seem that when intercurrent disease occurred 
in the sensitized animals the extent of tuber- 


culosis was found to be minimal. This did 
not hold for the controls. Conclusions: Re- 
sistance in tuberculosis is manifested chiefly 
by a cellular reaction. Former experiments 
have shown that the cellular reaction ob- 
tained in animals sensitized with heat-killed 
bacilli does not differ from that seen in 
animals infected with living virulent micro- 
organisms. Therefore, it is believed that 
immunity produced by dead bacilli is in no 
way likely to differ from that produced by 
living bacilli, The authors believe the 
vaccine of heat-killed tubercle bacilli would 
be of practical use for the immunization of 
children against tuberculosis. Heat-killed 
microérganisms would be harmless as a 
vaccine for the reason that they cannot grow, 
whereas attenuated microérganisms, once 
entering the body, may conceivably revert 
to their former pathogenicity.—Immunologi- 
cal Studies in Tuberculosis. V. Resistance 
of Animals Sensitized with Heat Killed 
Tubercle Bacilli to a Measured Infecting 
Dose, S. A. Petroff, A. Branch and F. B. 
Jennings, Jr., J. Immunol., March, 1929, 
xvi, 233.—(J. S. W.) 


Experiments on Tuberculous Superin- 
fection.—The author repeated the experi- 
ments of Toyoda and Young, who claimed 
that superinfection with tuberculous organ 
tubercle bacilli cause the development of 
ulcers, while similar amounts of culture 
bacilli did not possess this ability. In order 
to exclude variations of natural resistance, 
in addition to the experiments of Toyoda 
and Young, the author tested the superin- 
fection of culture and organ tubercle bacilli 
on the same animal and in addition culture 
tubercle bacilli were suspended in tissues as 
well as organ juice, and thus tested. In all 
these experiments no appreciable differences 
were found and it is believed that the pre- 
vious findings by Toyoda and Young are 
explicable upon the basis of the individual 
resistance of the animals.—Das Verhalten 
tuberkuliser Meerschweinchen gegeniiber einer 
Superinfektion mit sogenannten tierischen 
Tuberkelbacillen und mit Kulturbacillen, F. 
Keller, Zeitschr. f. Hyg., 1928, cviti, 605.— 
J. C.) 


Effect of Temperature and Humidity 
on Experimental Tuberculosis.—Guinea 
pigs, kept at about 80°F. and 79 per cent rela- 
tive humidity, were infected with tubercle 
bacilli along with similar animals kept at 
ordinary room temperature. Some were 
infected by inhalation and some by intraperi- 
toneal inoculation. The experiment was 
done in an effort to approximate somewhat 
the shop conditions under which many 
people must work, especially in the textile 
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industries. The final results failed to reveal 
any substantial differences in the type or 
extent of disease in the two lots, as regards 
the effect of temperature or humidity upon 
the disease in general, in males and females, 
irrespective of the type of inoculation.— 
The Effect of High Humidity and Moder- 
ately High Temperature on the Susceptibility 
and Resistance to Tuberculosis in Guinea Pigs, 
Linda B. Lange and Anna M. Baetjer, Am. 
J. Hyg., November, 1928, viii,935.—( H.S.W.) 


Haemoptysis in Pulmonary Tubercu- 
losis.—Pulmonary haemoptysis reveals that 
the bleeding point is in direct communica- 
tion with the bronchus. Aside from bron- 
chial-wall bleeding, it is clear evidence that 
softening and ulceration of tuberculous 
areas, however small, have taken place. 
This is also true of initial haemoptysis, and 
is supported by the fact that in a large pro- 
portion of such cases tubercle bacilli can be 
found in the sputum which follows the 
bleeding. Ruptured small vessels will read- 
ily close by natural processes, but, when a 
large diseased vessel lying in a diseased area 
has a tear in its wall, the mechanical diffi- 
culties are too serious for simple remedies 
and only pulmonary collapse will influence 
the course of events.—The Treatment of 
Hemoptysis in Pulmonary Tuberculosis, C. 
Riviere, Tubercle, August, 1928, ix, 509.— 
(W. I. W.) 


Pleural Pain.—Some authorities, in- 
fluenced largely by the work of Sir James 
Mackenzie, still hold that the parietal 
pleura has no pain sense. Recently Parsons 
has shown, in a dissection, branches of the 
intercostal nerves going to the parietal 
pleura. Dogiel demonstrated sensory end- 
bulbs in the parietal pleura. From clinical 
experience the author is convinced that the 
parietal pleura is richly endowed with pain 
sense. In passing through the chest-wall 
a needle evokes pain in three structures, the 
skin, the costal periosteum (if it should be 
touched), and the parietal pleural. Cutane- 
ous pain is described by the patient as an 
“ordinary sharp pain,” whereas pleural pain 
is likened to a severe toothache or ‘‘neur- 
algia.” The relationship between the sever- 
ity of the pain and the sharpness of the 
needle strongly suggests that the chief 
stimulus necessary to evoke pleural pain is 
tension or stretching. The origin of the 
pain is the penetration of the pleura by the 
needle and is not due to the passage of the 
needle through the connective tissue overly- 
ing the pleura—A Note on the Pain Sense 
of the Parietal Pleura, A. I. G. Mc Laughlin, 
Lancet, November 17, 1928, ccxv, 1023.— 
(B. T. McM.) 


Body Temperature in Pulmonary 
Tuberculosis.—The case sheets of 450 male 
cases with tubercle bacilli in their sputum 
and fever (over 99°F.) were studied. It was 
noted that a temperature persistently above 
99°F., especially if accompanied by a pulse- 
rate of 90 or over, is very unfavorable. In 
cases with normal temperatures and cases 
having only one relapse, 34.3 per cent died 
within two years. In 90.1 per cent of males 
the difference between the morning and 
evening temperatures is 1°F. or more. The 
records of 34 per cent of females diagnosed 
as tuberculous revealed a definite premen- 
strual rise of temperature of long duration.— 
The Temperature in Pulmonary Tubercu- 
losis, C. Milne, Brit. M. J., December 29, 
1928, no. 3547, 1173.—(W. I. W.) 


Seasonal Variations in Body Weight.— 
Studies were made to determine the effect 
of climate and of the seasons on tuberculous 
patients. The weight curves revealed a 
general agreement in all parts of the world. 
The apparent differences were due to the 
differences in the climate of the localities 
where the observations were made. Ex- 
tremes of heat and cold and dryness of the 
air cause a fall of weight, while a pleasant 
temperature, like that of summer in colder 
countries and the cold season in the tropics, 
produces a rise in the weight curve. Rains 
have no particular effect on body weight.— 
On Seasonal Variations in Body Weight in 
Pulmonary Tuberculosis, M. K. Pai, Tuber- 
cle, February, 1929, x, 212.—(W. I. W.) 


Leucocytes in Pulmonary Tubercu- 
losis.—The results of a study of routine 
blood counts in 1000 cases of pulmonary 
tuberculosis are reported. As the counts 
were done by different technicians, made 
with no thought of proving anything in 
particular, it is stated that the findings 
probably represent a fairly accurate cross- 
section of typical blood pictures in active 
pulmonary tuberculosis. In 350 cases only 
the percentage of monocytes, neutrophiles 
and lymphocytes were recorded from films 
stained with Wright’s stain, the actual 
number of cells not being estimated, that is, 
no total white count was done. In the 
remainder of the cases the blood counts 
include total leucocyte counts and numbers 
and percentages of monocytes, neutrophiles, 
and lymphocytes. Neither eosinophiles nor 
basophiles are included in the study, and 
it is not mentioned whether any allowance 
was made for these cells in estimating the 
percentages. With the monocytes were 
grouped the large and small mononuclears 
and the transitionals of the Ehrlich classifi- 
cation. In the group in which complete 


4 
3 
et 
~ 


ABSTRACTS OF TUBERCULOSIS § 


counts were done, the average monocyte 
count was 159 per cubic millimetre (2.1 
per cent) in the minimal class but reached 
516 (4.3 per cent) in the very far advanced 
class, the increase being 34 times for the 
latter group. The average neutrophilic 
count for the minimal group was 4,161, 
increasing steadily to an average of 8,880 for 
the hopelessly ill class, the increase being 

;'5 times. No percentages are reported 
for the neutrophiles. The lymphocytes 
averaged 2,664 (36.3 per cent) in the minimal 
(I) class, 2,898 (34.5 per cent) in the moder- 
ately advanced (II) class, 2,781 (27.2 per 
cent) in the far advanced (III) class, and 
2,460 (20.5 per cent) in the very far ad- 
vanced (IV) class. Although there was a 
slight increase in the number of lymphocytes 
in group II, the average percentage of 
lymphocytes decreased steadily until the 
percentage in the far advanced cases was 
down nearly to one-half the percentage in 
the minimal cases. The average monocyte- 
lymphocyte ratio in class I was 1: 16.75; 
in class IT, 1: 15.78; in class III, 1: 8.18; 
and in class IV, 1: 4.77. The average 
lymphocyte-neutrophile ratio in class I was 
1: 1.53; in class II, 1: 1.75; in class III, 
1: 2:50; and in class JV, 4: 3:68. ‘The 
group (345 cases), in which only the percent- 
ages of the cel]s are reported, gives similar 
results, although the monocytic percentages 
are much higher throughout. For this 
group the monocytes averaged (I) 7.6 
per cent; (II) 8.3 per cent; (III) 9.1 per 
cent; and (IV) 13.7 per cent. The lympho- 
cytes averaged (I) 33.9 per cent; (II) 26.4 
per cent; (III) 20.7 per cent; and (IV) 20 
per cent; and the neutrophiles, (I) 57.9 
per cent; (II) 63.5 per cent; (III) 68.9 
per cent; and (IV) 94 per cent. The mono- 
cyte-lymphocyte ratio ranged from 1: 1.92 
for class I to 1: 1.47 for IV. Charts illus- 
trating the results obtained in repeated 
counts on several selected cases are given, 
the favorable cases showing a steady decrease 
in the monocytes and neutrophiles and an 
increase in the lymphocytes, and the un- 
favorable the contrary. Conclusions: 1: A 
full leucocytic picture is a very important 
part of every examination of a tuberculosis 
patient. This information is always very 
helpful in diagnosis, prognosis and treat- 
ment, and often gives a truer conception of 
the pathology of the case than any other 
part of the examination. 2: The monocyte- 
lymphocyte and lymphocyte-neutrophile 
ratio seem most important and the percent- 
ages in thexselves seem the next most 
reliable indication, the numbers per cubic 
millimetre being least important. 3: A 
decreasing monocyte-lymphocyte ratio and 
an increasing lymphocyte-neutrophile ratio 


point very definitely to a more active and 
extensive lesion. The converse points just as 
definitely to an improved lung condition. 4: 
An increase in the percentages of neutrophiles 
and of monocytes, with a decrease in the 
percentage of lymphocytes, points quite 
definitely to a more active and extensive 
lesion; the converse points to an improved 
lung condition. Corresponding change in 
the counts per cubic millimetre of these 
cells point in corresponding directions, but 
less definitely. 5: This study tends to 
corroborate clinically the experimental work 
of Cunningham, Sabin, ef al., and Medlar 
and his associates.—A Study of the Differen- 
tial Blood Count in One Thousand Cases 
of Active Pulmonary Tuberculosis, J. W. 
Flinn, Ann. Int. Med., January, 1929, ii, 
62.—(J. S. W.) 


Leucocytes in Tuberculosis.—In 92 
cases of pulmonary tuberculosis of all stages, 
as a whole there were normal leucocyte 
figures or a leucopoenia, and rarely a mild 
leucocytosis, especially in cavity cases with 
severe symptoms. The differential count 
gave, as a rule, a polynucleosis. This 
polynucleosis was almost always associated 
with a more or less marked shift to the left. 
In no case was there a correlation between 
the blood picture and the pathologico- 
anatomical character of the disease. The 
changes in the blood picture are solely the 
expression of intoxication and activity of 
the process, and as such can be evaluated 
prognostically—Das Weisse Blutbild bet 
den verschiedenen Tuberkuloseformen nach 
Professor Neumann, R. Russew, Beitr. z. 
Klin. d. Tuberk., 1928, Ixviti, 539.— 
J. C.) 


Value of Arneth’s Leucocytie For- 
mula.—Reactions useful in the prognosis 
of progressive (“‘evolutive”’) tuberculosis 
are numerous. They include cutireactions, 
red-cell sedimentation, diazo-reaction, 
Arneth’s leucocytic deviation, unfortunately 
too little used. All these express the actual 
state of defense of the body against bacillary 
attack, but they cannot forecast the future 
accurately unless repeated quite frequently 
and regularly. For three years the devia- 
tions of Arneth’s formula have been studied 
by Stephani at Montana, Switzerland. It 
is recalled that Arneth divided the neutro- 
philes into five classes and obtained his 
index by multiplying the number of each 
class by the number of cells (out of 100) 
falling therein. He considered 276 a normal 
index, but later observations indicate this is 
too high and that 260 is about right for men 
and 240 for women. In infectious diseases 
Arneth’s formula is deviated to the left, 


giving lower indices; for instance, in a typical 
case of active bilateral fibrocaseous tuber- 
culosis, 141. Stephani has found that in 
addition to the prime nuclear divisions or 
lobes there are small connecting filaments, 
and that the segments possess much smaller 
satellites or corpuscles. These are normally 
seen in 40 to 60 per cent of the neutrophiles, 
but in grave cases of tuberculosis they may 
fall to below 10 per cent or even to 0. To 
study these one employs a stain in which 
haematoxylin is first steamed for two 
minutes, after which the slide is inverted in 
a warm eosin solution. Studies were made 
on 100 tuberculous patients at Montana. 
An Arneth index lower than 170 is considered 
a strong deviation, and a corpuscle count of 
under 20 per cent is considered feeble. 
Sixteen patients in the series showed these 
low indices and of these 12 died quite rapidly. 
There were also 5 patients who died without 
showing low indices. Three of the four with 
low indices who did not die nevertheless 
continued to show more or less serious and 
incapacitating symptoms. The fourth hada 
pneumonic lesion of the upper half of the 
left upper lobe, which resolved in large 
degree in six months, together with a pro- 
liferating laryngeal tuberculosis. She finally 
was discharged in excellent condition and a 
good prognosis given. Thus, it appears that 
Arneth’s formula, together with a low cor- 
puscular count, was the forerunner of a fatal 
termination in 80 per cent of cases. Ex- 
planations: The polynuclears, that is, the 
neutrophiles in Arneth’s classes III, IV 
and V, play a preponderantly defensive réle 
in tuberculosis. They continue to form by 
segmentation of mono- and binuclear neu- 
trophiles. A temporary capitulation to the 
tubercle bacillus is announced by an imme- 
diate diminution in the nuclear “corpuscles.” 
If there is a polynuclear reserve, shown by 
the Arneth formula still being good, new 
polynuclears appear within a few weeks; 
if there is no such reserve, and the Arneth 
formula is bad, the patient is lost. These 
suppositions are in harmony with recent 
German work on liberation of antibacillary 
ferments due to polynuclear destruction. 
If these cells fail to be reproduced, the fer- 
ments will also be lacking.—Le signe des 
noyaux ronds et le réle des corpuscles nucléaires 
des neutrophiles dans la défense de Vorganisme 
contre la tuberculose pulmonaire, J. Stephani, 
a $, l. Tuberc., February, 1928, ix, 52.— 


Monocytes in Active Tuberculosis.— 
Two types of mononuclear cells can be 
differentiated by the “supravital” staining 
technique, namely, the monocyte, coming 
from the reticular cells in the bone-marrow, 
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spleen, and lymph nodes, and the clas- 
matocyte, arising from cells which come 
from the endothelium lining the sinuses of 
the lymph nodes, the sinusoids of the liver 
lobules, and the capillaries of the bone- 
marrow, suprarenal cortex and hypophysis. 
The monocyte, seen in living preparation 
stained with neutral-red and Janus-green, 
is a fairly large round cell, with an oval or 
slightly indented nucleus usually eccen- 
trically placed. In the mature cell there isa 
small ring of granules situated near the 
indentation of the nucleus. This ring of 
granules surrounding the centrosphere of 
the cell is made up of two or three concentric 
circles, forming a “rosette.” These granules 
take the neutral-red stain. The clasmato- 
cyte does not have a rosette. The work of 
Cunningham and others is quoted as showing 
that in actively progressive tuberculosis the 
monocytes increase, in some instances form- 
ing 50 per cent of the white cells, and the 
normal ratio between monocyte and lympho- 
cyte is reversed. In arrested or healing 
tuberculosis the number of monocytes falls, 
and the ratio between monocytes and lym- 
phocytes returns to normal. The results of 
blood examinations by supravital staining, in 
17 patients, are reported. The first group of 
12 patients had proved tuberculosis. Of 
these, 7 patients with acute miliary tuber- 
culosis and 1 patient with generalized tuber- 
culosis died. Four patients, one with pleurisy 
with effusion, two with peritonitis, one with 
inguinal lymph adenitis, recovered. In all 
of the 8 fatal cases (except one which was 
discharged when the diagnosis was made) 
the percentage and absolute number of 
monocytes rose steadily, increasing the 
monocyte-lymphocyte ratio to a figure far 
above normal. (Normal for 3 to 6 months 
being 1 : 10, ratio in 1 case of miliary tuber- 
culosis being 1:1.2.) In the 4 cases with 
recovery, early studies revealed a high 
M-L ratio, later studies a low one. The 
authors were unable to substantiate defi- 
nitely by the usual methods the diagnosis of 
tuberculosis in the second group of 5 un- 
proved cases. But the patients with lower 
M-L ratios did better. In questionable 
cases a study of the blood by the supravital 
technique may lead to a correct diagnosis. 
When the diagnosis is established, supravital 
studies of the blood may be of prognostic 
value in indicating whether the lesion is 
progressing or regressing.—The Monocyte 
in Active Tuberculosis, K. D. Blackfan and 
L. K. Diamond, Am. J. Dis. Child., Feb- 
ruary, 1929, xxxvit, 233.—(P. J. W.) 


Blood Changes in Pulmonary Tuber- 
culosis.—The blood picture is a valuable 
aid in the diagnosis, prognosis and therapy 
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of tuberculosis. The author reports 140 
selected cases, given various forms of therapy 
and presenting manifold differences in the 
blood picture. An ideal curve of the white 
blood cells is presented, by comparison with 
which the diagnosis, prognosis and effects 
of therapy can be better observed and evalu- 
ated.—Morphologische Blutbilduntersuchun- 
gen bei Lungentuberkulose. Versuch einer 
Erweiterung der klinischen Deutung und 
Bewertung des morphologischen, weissen 
Blutbildes hinsichtlich Diagnose, Prognose 
und Therapie der Lungentuberkulose, und 
tabellarisch geordnete morphologische, weisse 
Blutverschiebungen in Serienuntersuchungen 
nach therapeutischen Eingriffen bei derselben, 
K. Steudiner, Beitr. z. Klin. d. Tuberk., 
1928, lxviti, 353.—( H. J. C.) 


Potential Blood Alkalinity in Pul- 
monary Tuberculosis.—The potential 
blood alkalinity is usually diminished 
in pulmonary tuberculosis, more markedly 
so the more decompensated the process, 
while there is very little relation between 
it and the Turban classification. The 
diminution is more marked in exudative 
than in fibroid and productive phthisis. 
With the occurrence of clinical improvement 
the potential blood alkalinity increases, 
while complications proceed with a di- 
minished alkalinity, especially those in- 
volving the kidneys. Every variation in 
the potential blood alkalinity is to be 
viewed as prognostically unfavorable. The 
changes in the potential blood alkalinity are 
usually inversely proportionate to those in 
the red-cell sedimentation and the leucocytic 
index.—Potentielle Blutalkalescenz und deren 
Schwankungen bei Lungentuberkulose, T. D. 
Kahn, Zeitschr. f. Tuberk., 1928, 1, 480.— 
(H. J.C.) 


Blood Uric Acid in Tuberculosis at 
High Altitudes.—The uric-acid content 
of the blood of healthy individuals is only 0.7 
to 1.7 mgm. per cent at high altitudes 
compared with 3 to 5 mgm. per cent in the 
lowlands. There was no difference noted 
between men and women. During a febrile 
disease or tuberculous relapse the uric-acid 
values increased initially, while a diminution 
occurred later. Tuberculous individuals 
with a favorable disease course have normal 
values. There was no relation between the 
blood uric-acid findings and the leucocyte 
counts.—Blutharnsdurewerte bei gesunden 
und tuberkulisen Menschen im Hochgebirge, 
P. Borchardt, Zeitschr. f. Tuberk., 1928, 
473.—( H. J. 


Vital Capacity in Tracheobronchial 
Tuberculosis.—Vital-capacity observa- 


tions were made on a group of 200 children 
between the ages of 7 and 12. Each child 
had been exposed to an open case of tuber- 
culosis and each had a positive Pirquet test. 
The vital-capacity readings were correlated 
with the physical signs and roentgen observa- 
tions. The estimation of normal vital 
capacity was based on age, weight and the 
standing height, and three readings were 
made in each case. A deviation of not more 
than 10 per cent below the estimated stand- 
ard for that child was not considered 
abnormal. The results showed that the 
vital capacity of each of the children was 
practically normal. Children 7 per cent 
and more underweight showed no more 
diminution in vital capacity than those 
considerably overweight. In fact, 30 who 
were 7 per cent or more underweight had, 
as an average, a slightly higher vital capacity 
than those of the normal or overweight 
group. This was also true of those who 
showed roentgenological and physical signs 
of enlarged tracheobronchial lymph nodes, 
28 children with such evidence having vital 
capacities well within normal limits. There- 
fore, at least in the quiescent case of hilum 
tuberculosis, the estimation of vital capacity 
is of no value in diagnosis, although this 
may not be the case in active hilum tuber- 
culosis showing clinical signs and symp- 
toms.—Is the Vital Capacity An Aid in 
the Diagnosis of Hilum Gland Tuberculo- 
sis? E. Friedman and J. B. Hawes 2d, 
J. Am. M. Ass., February 2, 1929, xcit, 
363.—(G. L. L.) 


Acousties of Percussion.—Many phy- 
sicians believe that the art of percussion and 
auscultation is out of date, or that it has 
been supplanted by the X-ray and the 
tuberculin test. It is not only not sup- 
planted by the X-ray, but is much more 
necessary in order correctly to interpret the 
X-ray picture. It has gained certainty 
since being controlled by the X-ray, for the 
films have enlightened us in regard to the 
errors of an over-refined technique of per- 
cussion and auscultation. When the phy- 
sician is almost convinced from the symp- 
toms that he is confronted with a tuberculous 
affection of the lung it requires no little 
self-criticism not to find some difference in 
resonance of the apices or somewhat sharper 
expiration on one side. It must be kept in 
mind that the breath-sounds are commonly 
not quite identical on both sides, even when 
healthy. On the other hand, primary foci 
the size of a pea or bean are ordinarily not 
located at the apices and not recognizable 
by auscultation or percussion. Auenbrug- 
ger’s original work was in Latin, and Skoda, 
in his German rendition, has not always 
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used terms of identical meaning. He early 
recognized that such terms as “resonant” 
and “dull” are in themselves insufficient. 
Duration and amplitude of vibrations must 
be considered. The ear is able to perceive 
differences of less than one-half-second 
duration. In the slow dying away of the 
normal lung note it is always the deep 
fundamental tones that persist; in the ab- 
sence of these, as over a pleural exudate, 
only a single vibration is recorded (Martini). 
The tympanitic note of the air-containing 
gastrointestinal canal gives pure sine curves, 
whereas the curve form of the lung note is 
much more complicated. Tympany, as 
heard over the chest and abdomen, refers to 
high-pitched sounds of 250 to 500 vibrations 
per second,—a high pitched, ringing sound, 
with absence of deep tones. Hoppe, and 
later Turban, demonstrated the réle played 
by vibrations of the body-walls. If forcible 
pressure is brought to bear upon the posterior 
side of the chest-wall near the vertebral 
column, its vibratory ability is so weakened 
that there is true dulness in the form of a 
Rauchfuss triangle in adjacent parts on the 
opposite side. Turban explained that a 
massive pleural exudate dampened the 
vibratory ability of the backbone and ad- 
jacent ribs. The vertebrae set up resonant 
vibrations wherever resonant aerated lung 
lies paravertebrally. It is stated by 
d’Espine, Turban, Ranke and many others 
that by percussion of the interscapular space 
one can demonstrate enlargement of the 
hilum lymph nodes. Actually these nodes 
lie about in the middle of the thorax and 
mostly anterior to the dorsal spine, about 
the bifurcation. The fainter note often 
found in the lower paravertebral regions 
corresponds with the border of the cap of the 
trapezius muscle and is particularly well 
observed in healthy, muscular men, es- 
pecially if the muscle is tensed. For actual 
enlargement of the hilar lymph nodes to be 
percussed from the back seems not very 
plausible when cardiac dulness or that from 
aortic aneurysm ordinarily cannot be. Again, 
dulness will be found wherever the chest-wall 
exhibits a sharp curve, but especially in 
kyphoscoliosis, at the peak of the bend. 
Organs within the body-wall are also set into 
vibration by percussion, except such soft 
nonresonant ones as liver, heart or muscles. 
The chest-wall in the vicinity of such organs, 
as is well known, shows diminished vibratory 
ability. Fahr and Brandi’s experiments 
corroborate Martini in that “relative dul- 
ness,” for instance, cardiac, is always found 
at the point where the overlying lung does 
not exceed 3 to 5 cm. in thickness. Thus 
we shall percuss the heart too small where 
the covering layer is of greater thickness, as 
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over the right auricle and great vessels. 
The central structures of the chest (vena 
cava, aorta and pulmonary artery) only 
betray themselves if they are unusually close 
to the chest-wall, and percussion over the 
sternum yields unsatisfactory results. As 
to the vigor of percussion, Miiller is satisfied 
that it makes little difference in determining 
the border of relative cardiac dulness. 
Goldschneider advocates minimal and Moritz 
vigorous percussion. From experimental 
observations it must be concluded that in- 
filtrations, tumors or aneurysms, covered by 
more than 5-cm. thickness of lung, are not 
demonstrable by percussion. Pneumonia 
is rarely demonstrable within several days 
of the clinical onset and even then only if it 
extends near to the surface. There is no 
fixed normal percussion note and in a large 
series of healthy persons the apical note 
shows wide differences, often fainter in very 
muscular or fat individuals than in the pres- 
ence of actual tuberculosis. Attempts to 
record the pitch of percussion notes are 
described, using phonographs and selective 
funnel-shaped resonators made of sheet zinc. 
The abdominal note was found to harmonize 
at a frequency of 250 vibrations per second. 
More difficulty was had with lung tones. 
With the use of condenser microphones and 
amplifying tubes it was found in many 
instances that the dominant tone was that of 
A major with 108 vibrations per second. 
Martini, with the Otto Frank apparatus, 
obtained curves showing 100 to 130 vibra- 
tions per second in the adult, and around 170 
in the child. The deepest fundamental tone 
was over a pneumothorax, with 76 vibra- 
tions, corresponding to low E, the deepest 
bass note usually sung in Mozart’s Magic 
Flute. The practised physician, however, 
considers not only fundamental tones but 
higher overtones. Practical Percussion 
Methods: It is most important that the finger 
or pleximeter be pressed firmly and con- 
stantly against the surface percussed, and 
that both distal phalanges be applied. 
Finger percussion is probably best for the 
heart and lungs generally speaking, but a 
light hammer, with a small rubber tip, such 
as that of Wintrich or Curschmann, makes 
perceptible certain higher overtones. The 
manner of striking and kind of instrument 
areimportant. Hard bony fingers are better 
than soft fleshy ones, the latter tending to 
dampen certain tones.—The Teaching of 
Percussion, F. v. Miiller, New England J. 
M., October 25, 1928, cxcix, 807.—(A. P.) 


Transmission of Sounds through 
Chest.—The only sounds from within the 
larynx to reach most of the chest surface 
in many normal adults are the lower-pitched 
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simple sounds of the voice. These are able 
to excite the lung into forced vibration and 
thereby slightly overcome the reflection 
which often totally obstructs higher-pitched 
sounds. The normal breath-sounds arise 
chiefly or wholly in the lungs, perhaps in the 
vibrations of the delicate pulmonary tissues, 
and set the chest-wall into vibration, though 
too feebly to be felt. Ina partially collapsed 
lung there is more or less related or retracted 
but still aerated lung, which occurs typically 
over several interspaces anteriorly and above 
some large fluid collections. The reduced 
tension of the pulmonic tissue lessens reflec- 
tion of sounds in general. In solid lung 
tissue the spoken, whispered and breath- 
sounds from the larynx lose most of their 
energy in passing from within the air pas- 
sages to the completely consolidated lung. 
Over pulmonary cavities characteristic cav- 
ernous and amphoric sounds may result 
when cavities resonate suitable simple 
sounds from the voice whisper, breathing 
and rales. Relatively good conduction 
occurs if the cavity is directly in contact 
with the chest-wall or is separated from it by 
solid lung. In pneumothorax absence or 
marked loss of transmitted sound occurs, 
however slight the amount of air in the 
pneumothorax cavity, provided it is spread 
over a sufficiently extensive area and if no 
opening exists anywhere.—The Transmis- 
sion of Sounds Through the Chest, C. M. 
Montgomery, Am. J. Sc., December, 
1928, cluxvi, 798.—(W. I. W.) 


Rales after Cough as Symptom of 
Cavity.—Following a moderately strong, 
soundless and short cough, the patient is 
instructed not to breathe for a moment. 
During this respiratory rest, rales may be 
heard if a cavity is present. The mechanism 
of these rales is explained by the fact that 
coughing compresses the cavity, and that 
during the following respiratory rest air is 
sucked into the reéxpanding cavity, produc- 
ing rales in the presence of bronchial secre- 
tion. It is claimed that this phenomenon is 
sometimes the only demonstrable clinical 
sign for a cavity. This phenomenon is 
characterized by the fact that the rales occur 
after a short but definite period of silence, 
that they persist during a short period of 
respiratory rest, and that all or most of the 
rales are heard during the respiratory 
rest.—Uber das Phainomen des Auftretens 
von Rasselgeriuschen wihrend des einen 
Hustenstoss folgenden Atemstillstandes, A. 
Winkler, Wien. klin. Wehnschr., November 
8, 1928, xlv, 1550.—(M. P.) 


Origin of “Mill-Race” Cardiac Mur- 
mur.—The mill-race cardiac murmurs were 


described by Albert in 1922 and believed due 
to lacerated intercostal veins. These mur- 
murs occur mainly in the right ventricle and 
are looked upon by Blum as the result of air 
having entered through the mediastinal 
space, which is not believed very plausible. 
The author reports a case of spontaneous 
pneumothorax, in which injury of the inter- 
costal veins could not have come into con- 
sideration and subsequently he found these 
murmurs 49 times in 110 cases of pneumo- 
thorax. He looks upon them now as 
originating in the pleural space as the result 
of friction of pleuropericardial adhesions, 
the pleural space acting as a resonator to 
friction of the adhesions.—Zur Frage der 
Entstehung des Miihlengerdéusches, E. Tam- 
arin, Zeitschr. f. Tuberk., 1928, 1, 333.— 
C) 


Deceptions and Surprises in Pulmo- 
nary Tuberculosis.—There is no disease 
which presents so many and varied unex- 
pected changes for better or worse, and so 
often deceives or surprises even the most 
experienced. A number of instances are 
cited in detail. One astonishing thing is the 
remarkable recovery of certain individuals 
who have been under no regulated rest 
treatment. Trudeau, who lived for sixty- 
seven years, may be cited, also the elder 
Bowditch, who began by riding about New 
England in an open chaise and later took 
daily walks throughout his life. It is 
possible that rest treatment may be carried 
too far and that, if one possesses enough of 
that unknown factor, “resistance,” he is 
bound to recover, but as we are in ignorance 
of the nature of this, rest for all may be the 
safest procedure. Austin Flint prescribed 
large amounts of whisky for his tuberculosis 
patients, and many lived a rough and ready 
outdoor life with benefit. Too positive 
prognoses should be avoided on the basis of 
single visits and examinations, and external 
appearances are particularly deceiving. The 
value of the X-ray in correcting and con- 
firming physical diagnoses is emphasized 
by one case cited. Chronic fatigue as a 
symptom of tuberculous disease is likewise 
emphasized. One is advised to avoid basing 
prognoses or estimation of activity on the 
extent or persistence of rales. Cases of 
haemoptysis without other symptoms or 
signs require careful consideration. Bron- 
chiectasis should always be thought of in 
making differential diagnoses. When, after 
persistent and frequent search, no tubercle 
bacilli are found in the sputum, and es- 
pecially if the signs are basal, it should be 
considered likely. Another deception is the 
effect of any new treatment and the ephem- 
eral improvement from its use. This was 
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evidenced in a visit to the wards of the 
Brompton Hospital with Inman when 
Dreyer’s tuberculin came into use.—Some 
Deceptions and Surprises in the Course of 
Pulmonary Tuberculosis, E. O. Otis, New 
England J. M., November 29, 1928, cxcix, 
1081.—(A. P.) 


Pitfalls in Diagnosis.—If the profession 
is going to continue to place reliance on 
physical signs and X-rays as a means of 
diagnosis, countless tragedies will continue 
to happen. The important point to recog- 
nize is that the presence of the disease must 
be producing ill health and must be diagnosed 
from the history and symptoms. The 
commonest symptoms indicating active pul- 
monary tuberculosis are cough, fever, pain 
and lassitude. If doctors were trained to 
ask for a specimen of sputum when pul- 
monary tuberculosis is suspected there would 
be fewer unfortunates caught in a trap. A 
rectal temperature above 98°F., a.m., and 
above 99.4°F., p.m., should be considered 
fever, at all eventsina man. In most men, 
in fact, a rectal rest temperature of 98°F., 
a.m., and 99.4, p.m., will be found to be one 
degree higher than the average temperature 
of health. The other causes of fever with- 
out definite signs of physical disease which 
may constitute pitfalls are (1) nerves; (2) 
microbic infections, such as endocarditis, 
lymphogranuloma, dysenteric liver or liver 
abscess, perinephritic infection; bone infec- 
tion, nasal sinus infection, and typhoid or 
paratyphoid fever; (3) malaria, rheumatic 
fever, coliform infection, or syphilis,—these 
can often be eliminated by the administra- 
tion of the proper drugs; and (4) neoplasm. 
There is evidence that neurosis alone can 
keep the temperature up as much as 1°F. 
When patients and doctors learn that tuber- 
culosis is curable in the early stages in the 
majority of cases there will be less reluctance 
in diagnosing it. A common pitfall in con- 
nection with the diagnosis of pulmonary 
tuberculosis occurs through over-reliance 
on and mistakes in the practice of that very 
helpful aid to diagnosis—radiology. These 
errors can mostly be grouped around the 
following three causes; (1) incomplete co- 
operation between physician and radiologist; 
(2) imperfect technique, and (3) ignorance 
of what constitutes the normal. Of these 
the last mentioned cause of error is the com- 
monest.—Pitfalls in the Diagnosis of Pul- 
monary Tuberculosis, S. V. Pearson, Lancet, 
January 12, 1929, ccxvi, 59.—(B. T. Mc.M.) 


Early Diagnosis of Pulmonary Tuber- 
culosis.—The physician does not err who 
(pending a definite diagnosis) treats all 
suspicious cases as positive. Early diagnosis 


is often made on probability rather than 
certainty. Physical and X-ray findings 
may be entirely negative in a positive case. 
Conclusions: It is manifest that the best 
method for determining activity is by cor- 
relation of clinical, laboratory and roentgeno- 
logical data during a reasonable period of 
observation (say, one month) in a sana- 
torium. It must always be understood that 
activity is proved by the general rather 
than the local symptoms and that potential 
activity may continue long after clinical 
activity has ceased. An entertaining, ex- 
pressive dialogue took place recently be- 
tween an eminent specialist and his referred 
patient. The physician said: “So, you went 
to a general practitioner. What fool advice 
did he give you?” “Oh, he told me to see a 
specialist,” replied the patient. The author 
believes with Brown of Trudeau Sanatorium 
that “Confidence born of knowledge rather 
than acuity of hearing is the chief difference 


‘between the general practitioner and the 


specialist,” and, finally, accepts as sane 
and dependable and final his summary in the 
vital and difficult task of making sure in 
diagnosis, that ‘In order to make a positive 
diagnosis in pulmonary tuberculosis, one or 
more of the following diagnostic criteria must 
be present: haemoptysis of a dram or more; 
pleurisy with effusion; moderately coarse 
rales above the third rib and the third 
vertebral spine; a parenchymatous roentgen- 
ray lesion in the same area; and tubercle 
bacilli in the sputum.— The Early Diagnosis 
of Pulmonary Tuberculosis, E. M. Ellison, 
M. J. and Rec., November 7, 1928, cxxviii, 
437.—(B. T. Mc.M.) 


Progressive Phthisis in Middle Aged.— 
The influence of physiological crises, growth, 
puberty, pregnancy and the menopause on 
the development and course of phthisis has 
been the subject of much study. Of equal 
importance is the crise du retour d’dge, and 
the authors wish to add this period of middle 
age to the list. The incidence of tuber- 
culosis in this age-period, according to the 
published statistics of American, Japanese, 
English and French writers, is the second 
highest and not infrequently the highest. 
The individual is usually a man, less often a 
woman, aged 45 to 50 but prematurely old, 
weak-willed, nervous, neurotic and com- 
monly addicted todrink. For many years he 
has been a chronic cougher but there is no 
history of an attack of tuberculosis neces- 
sitating discontinuance of work. His symp- 
toms have been accounted for by the abuse 
of tobacco or alcohol or some such reason; 
his general condition is poor and he is 
usually anaemic. The sputum contains 
tubercle bacilli, but in small numbers. 
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Physical examination may be misleading, as 
extensive disease may be present and dis- 
proportionately fewer abnormal signs; X-ray 
examination is more valuable. As a rule 
there is not much fever and the disease 
progresses without evoking much reaction. 
The pulse is important in determining the 
prognosis; if arteriosclerotic and of high 
tension it is favorable; if of low tension and 
weak it is grave. The best treatment is 
sanatorium and general care.—La poussée 
cachectisante de la cinquantaine chez les 
tuberculeux fibreux ou chroniques, R. Burnard, 
Ann. d. Méd., October, 1928, xxiv, 277.— 
(B. T. McM.) 


Synchronization in Roentgenological 
Diagnosis.—By use of an ingenious ap- 
paratus a scheme has been devised by which 
an X-ray of the chest may be taken at any 
desired stage of the cardiac cycle. Ex- 
posures are preferably made in late diastole 
when cardiac movement is at a minimum. 
Exposures require only 1/20 to 1/40 of a 
second. ‘The cardiac impulse tends to cause 
a straightening of the curved arteries in the 
elastic pulmonary substance and exposures 
of even 1/20 of a second, if made during 
systole, will result in a fine blurring of the 
shadows cast by the heart, vessels and hilum. 
When there is tachycardia, the hilar shadows 
are likely to be blurred, and this is of special 
importance in children with acute respiratory 
disease. The degree of visibility of the 
hilum depends upon (1) the type of chest, 
(2) the depth of inspiration, and (3) the 
condition of the lung before and behind the 
hilum. The latter state of affairs can 
usually be appreciated by routine oblique 
exposures, and the latter procedure will 
disclose the “pulmonary” location of much 
that is ordinarily called “hilum _tuber- 
culosis.”” The tracheobronchial lymph nodes 
must be either enormously enlarged or 
calcified if they cast individual shadows on the 
plate. Calcific infiltration casts a distinct, 
granular, crenated shadow. Trunk shadows 
may be prominent but this is not due to 
greater density of the wall from fibrosis or 
infiltration. It is probably due to the fact 
that the large trunks with infiltration are not 
readily set into vibration by the pulse 
wave.—The Value of Synchronization in 
Accurate Diagnosis of Chest Diseases, F. M. 
McPhedran and C. W. Weyl, Radiology, 
December, 1928, xi, 458.—(H. S. W.) 


Lipiodol in Pulmonary Diagnosis.— 
Several methods for administration of 
lipiodol have been suggested, such as injec- 
tion through the cricothyroid membrane or 
trachea with a syringe, or by means of the 
bronchoscope or laryngeal syringe and by 


catheter. In the latter method, the larynx 
is anaesthetized and the catheter placed in 
the desired bronchus (under the fluoroscope) 
and sufficient lipiodol injected, the amount 
being determined by the fluoroscopic ap- 
pearance. The method is adaptable to the 
majority of conditions. Too much lipiodol 
or too concentrated a solution may simulate 
abscess of the lung. The drug is eventually 
absorbed by the tracheobronchial lymph 
nodes and may be mistaken in subsequent 
plates for calcification. For abscess of the 
lung, bronchoscopic administration is pref- 
erable, and a foreign body should be looked 
for before the drug is introduced. Likewise, 
in cases of tumor and haemoptysis in non- 
tuberculous disease when specimens are 
required, the bronchoscopic route is best. 
Lesions in or near the hilum that involve or 
distort bronchi may be best visualized after 
the insufflation of bismuth subcarbonate. 
Lipiodol is contraindicated or used very 
cautiously in pulmonary tuberculosis, hyper- 
thyroidism (because of absorption of iodine), 
advanced cardiac disease and high fever. 
Although of greatest use in bronchiectasis 
and abscess of the lung, lipiodol injections 
may also be of very great help in differentiat- 
ing pleural from pulmonary lesions, in 
diagnosing aneurysm, tumor and pulmonary 
fistula and as an adjunct to thoracoplasty.— 
Lipiodol in Its Relation to Chest Diagnosis, 
B. H. Nichols, Radiology, January, 1929, 
xii, 1.—(H. S. W.) 


Complement Fixation in Tuberculo- 
sis.—Approximately 800 patients were ex- 
amined with the complement-fixation reac- 
tion, using the alcohol-soluble antigen of 
Neuberg and Klopstock. In active and 
apparently rather far advanced tuberculosis, 
100 per cent positive reactions were obtained, 
but of 7 incipient cases only two reacted 
positively. In a number of nontuberculous 
diseases positive fixations were observed; 
this was particularly the case in patients 
who had positive Wassermann reactions. It 
is concluded that the result of the comple- 
ment-fixation reaction, if a simultaneous 
serological test for syphilis is performed, is of 
definite clinical value.— Untersuchungen tiber 
Komplementbindungsreaktion bei Tuberku- 
lose, E. Stengel, Klin. Wchnschr., April 23, 
1929, viii, 787.—(M. P.) 


Complement-Fixation with Neuberg- 
Klopstoek Antigen.—Complement-fixation 
tests with the Neuberg-Klopstock antigen 
are recommended in cases suspected of 
tuberculosis. The author tested 200 cases, 
and found that among the quiescent cirrhotic 
cases it was positive in twice as many in- 
stances as was the red-cell sedimentation 
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test, as well as positive in 3 per cent more of 
the cases than the Pirquet test. Serological 
activity, however, does not parallel clinical 
activity, and a positive complement-fixa- 
tion gives no indication of the patient’s 
suitability for treatment, nor does it indi- 
case the prognosis as well as the sedimenta- 
tion reaction. It is only a diagnostic aid.— 
Erfahrungen tiber das Neuberg- Klopstocksche 
Tuberkulose-A ntigen, K. Siegfried, Beitr. z. 
Klin. d. Tuberk., 1928, Ilxviti, 558.— 


Matefy Test.—The Matefy test was per- 
formed, according to the original directions 
of Matefy, in 355 cases of pulmonary tuber- 
culosis. In agreement with other authors 
the findings of Matefy could only be partially 
verified. The most marked flocculation 
occurred, as a rule, in exudative cases, and 
among ‘these especially in the cavernous 
cases, even though two cases reacted nega- 
tively in spite of the fact that one was a 
third-stage case. Of the productive-cir- 
rhotic forms 16 per cent reacted negatively. 
In the remainder of the cases the flocculation 
was less than in the exudative cases. Among 
23 cases suspected of tuberculosis the test was 
negative in 40 per cent, while the remainder 
showed a flocculation up to-+-++. In cases 
with exudative pleurisy a more marked reac- 
The reac- 


tion persisted for a longer time. 
tion is not suitable for the determination of 
activity, since it is positive as frequently as 
negative in inactive cases and more markedly 


so the more extensive the process. Prog- 
nostically a negative outcome is to be viewed 
as favorable, while a four-plus reaction 
coincided with improvement in only ex- 
ceptional cases. The red-cell sedimentation 
reaction proved more accurate and reliable.— 
Uber Matefy’s Reaktion bei Fdllen von 
Lungentuberkulose, S. Erlandsson and K. 
Akerberg, Beitr. z. Klin. d. Tuberk., 1928, 
leviti, 527.—( H. J. C.) 


Vernes Flocculation Test.—If normal 
horse-serum is distributed in a series of small 
test-tubes and a suitable reagent is added to 
each, one factor being used in a fixed amount 
and the other in regularly decreasing 
amounts from left to right, there will appear 
in one or more zones of the series an opacity 
or flocculation, which in consecutive tubes 
may be seen to appear, increase, decrease, 
and finally disappear. If, in such an ex- 
periment, normal serum is replaced by in- 
fected serum and a suitable reagent is added 
to the infected serum, the zone of floccula- 
tion is displaced. The problem then is to 
find for a given infection an active reagent 
which produces flocculation in a_ well- 
defined zone characteristic of that infection, 


comparable to a band in the solar spectrum 
when responding to a known substance. 
This problem was first solved in syphilitic 
infections, an extract of horse-heart being 
used as the reactive agent. The degree of 
turbidity produced in the experimental tube 
is measured by means of an optical apparatus 
known as the Vernes-Brieq-Yvon photome- 
ter, and is expressed by figures of from 
0 to one hundred and fifty (150) or higher on 
a graduated scale. The figures resulting 
from successive examinations of the same 
patient, recorded graphically, will give a 
curve corresponding with the rise and fall 
of the infection. During 1922 the sero- 
logical problem described above was solved 
in connection with tuberculosis. For this 
disease resorcin was finally adopted as the 
reagent. The technique of the serum reac- 
tion with resorcin is briefly as follows: 
Blood should be drawn from the fasting 
subject, as only perfectly clear sera can be 
used (laked sera can be used). The serum 
is removed from the clot and centrifugated. 
If it is not clear it should be centrifugated 
again. It is possible, by decanting and 
centrifugating several times, to render 
chylous sera clear. Prolonged centrifuga- 
tion heats the serum, and it is possible that 
turbidity may appear after cooling; in this 
case the serum cannot be employed. With 
the rheometer properly adjusted, 0.6 cc. 
of the patient’s serum is introduced into a 
small tube; then an equal amount of a 1.25 
per cent solution of pure resorcin in doubly 
distilled water is added; this is mixed by 
shaking without inverting the tube, and 
poured out rapidly into the receiver of the 
photometer, and the optical density of the 
mixture determined immediately, as floccu- 
lation may begin very quickly. The con- 
tents of the receiver are then emptied back 
into the corresponding tube, which is stop- 
pered and kept at a temperature of from 18 
to 20°C. for four hours. The specimen is 
then shaken without causing foam (by 
inverting), in order to separate the flocculant 
particles and to distribute them uniformly 
throughout the liquid. A second reading is 
taken and the first one deducted from the 
result. (The difference is the Vernes Index.) 
A control test should give results agreeing 
to within approximately three-hundredths. 
If the serum is perfectly clear a reading of 
30 or above indicates tuberculosis. A se- 
rum reaction (false?) with a reading higher 
than 30 may occur in a small number of 
cases which are easily recognized. The chief 
of these are syphilis at the time of the chancre 
exclusively, soft sore, pneumonia with a high 
temperature, and cancer in its advanced 
stages. When the reading is from 0 to 15, 
with rare exceptions, the serum may be 
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considered normal; when from 15 to 30 
there is an increasing probability of tuber- 
culosis. Seroflocculation, the study of which 
is actually based on the examination of more 
than 23,000 sera, is for tuberculosis, as for 
syphilis, the interpretation of an alteration 
in the blood, which is in direct relation with 
the degree and evolution of the infection. 
The Vernes test is a useful practical method 
for the following problems: 1: The elimina- 
tion of the so called “larval” forms of tuber- 
culosis (influenzal attacks, febrile gastric 
disturbances, bronchitis apparently of non- 
tuberculous origin). 2: The evolution and 
prognosis of collapse treatment. 3: The 
nature of a pulmonary emphysema or of a 
pleurisy. ¢: The nature of a pulmonary 
focus giving noncharacteristic signs on aus- 
cultation and without radiographic or mi- 
croscopic evidence. 5: The nature of a fo- 
cus of indefinite character in bone, joint or 
lymph node.— The Phenomenon of Floccula- 
tion in Syphilis and Tuberculosis, A. Vernes, 
Brit. J. Tuberc., October, 1928, xxii, 165.— 
VJ. S. W.) 


Serum Lipase, Lymphocytes and Tu- 
bereulin Reactions in Tuberculosis.— 
Reference is made to some studies carried 
out in 1923 under Zlatogoroff at Leningrad 
to determine the blood ferments in various 
infectious diseases, and the following con- 
clusions reached: /: The blood ferments in 
infectious diseases differ from the normal. 
2: The lipase is strikingly diminished in 
typhus fever patients about the ninth to 
twelfth days. 3: In children the lipase is 
more diminished in measles than in scarlet 
fever; in adults measles has little effect. 4: 
Catalase and protease vary irregularly, while 
antitrypsin is slightly increased in both 
measles and scarlet fever, and markedly so 
in typhus. 5: The blood ferments in the 
course of infectious diseases have a relative 
prognostic value. Nature of Lipase: This 
is a hydrolytic ferment, which splits fats into 
glycerine and fatty acids, discovered in 1896 
by Hanriot in blood-serum. It occurs in 
bacilli, plants, grains, and certain organs, 
human and animal-liver, kidneys, pancreas, 
and other organs. Its origin is unknown, 
although Bergel assumes it is derived from 
the lymphocytes. Cornier found blood- 
serum lipase diminished in pulmonary tu- 
berculosis and markedly so in those with 
purulent pleurisy, and increased under proper 
treatment and with improvement in condi- 
tion. It is diminished in typhoid fever, 
scarlet fever and erysipelas, and following 
inoculation of guinea pigs with tubercle ba- 
cilli (Grineff). Marie and Fischer showed 
that it could dissolve the waxy envelope of 
tubercle bacilli and reduce the bacilli to 


fine granulations. Metalnikoff injected an 
emulsion of tubercle bacilli into the pods of 
Galleria Melonella and they were dissolved 
by a lipolytic ferment. Wolter and others 
corroborated the diminution in lipase con- 
tent of the blood of the tuberculous but did 
not establish its relations toimmunity. The 
studies here reported concern 8 clinically 
normal subjects and 36 affected in vari- 
ous degrees by tuberculosis. The former 
showed a lipolytic index (using Hanriot’s 
scale) of 12 to 13, while the more severely 
affected tuberculous showed an index of 6 to 
3. A sudden fall presages a fatal issue. 
At the same time Pirquet cutaneous tests 
were made on the forearm with Hoechst’s 
O. T., in concentrations of 100, 30, 10 and 3 
per cent. The cirrhotic and “follicular” 
(productive) forms of tuberculosis showed 
strongly positive reactions, the infiltrative 
(exudative) feeble reactions or sometimes 
entirely negative. When the blood-serum 
lipase was high the Pirquet reaction was 
strongly positive and diminished with the 
latter. Zieler has shown that the skin 
papules in a positive Pirquet contain giant 
cells, epithelioid cells and lymphocytes. It 
is also noteworthy that the Pirquet reaction 
becomes negative in measles, while the blood 
lipase and lymphocytes diminish. In in- 
filtrative (exudative) forms of tuberculosis 
it has been shown that the lymphocytes com- 
monly decrease by as much as 15 per cent. 
Conclusions: 1: The quantity of blood-serum 
lipase diminishes abruptly in infiltrative 
(exudative) forms of tuberculosis, 2: In 
the follicular (productive) forms the 
Pirquet reaction is marked, while in the 
infiltrative (exudative) forms it is feeble or 
absent. 3: In the follicular (productive) 
forms there is a lymphocytosis, and in the 
exudative a diminution of lymphocytes. 4: 
The lipolytic ferment, lymphocytosis and a 
positive Pirquet reaction seem interrelated, 
and with the evolution of the disease their 
simultaneous determination is of biological 
and prognostic value as regards immunity.— 
Le ferment lipolytique du sang, les lympho- 
cytes et la réaction de Pirquet dans la tuber- 
culose, Guegetchkori (Tiflis), Rev. d.l. Tuberc., 
June, 1928, ix, 390.—(A. P.) 


Red-Cell Sedimentation Reaction.— 
Of 318 clinically tuberculous cases admitted 
to King Edward VII Sanatorium, Midhurst, 
309, or 97 per cent, gave an increased sedi- 
mentation rate with the Inman method. Of 
42 clinically nontuberculous cases, 29, or 
69 per cent, gave a normal figure, while in 
13, or 31 per cent, the rate was raised. Thus, 
while an increased rate may be used in con- 
junction with the clinical findings to assist 
in the diagnosis of pulmonary tuberculosis, 
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its usefulness in this respect is lessened by 
the fact that other chest conditions give a 
high percentage of positive results, while a 
definitely tuberculous case may give a 
normal figure. As an indication of response 
to treatment, however, the test, performed 
at intervals of a month, and more frequently 
in pneumothorax cases, has a definite and 
unique value, and fluctuations in the rate can 
be closely correlated with clinical findings. 
Of 100 sputum-positive cases observed for 
not less than four months, the rate in those 
improved and arrested with negative sputum 
dropped from 23 to 12 per cent. In those 
who were improved but who still had a pos- 
itive sputum the rate dropped from 32 to 
22 per cent. In those stationary or worse 
it rose from 31 to 32 per cent. In artificial- 
pneumothorax cases there is typically a 
slight rise at the start, followed, in uncom- 
plicated cases, by a steady fall to a normal 
level. Onset and withdrawal of fluid in- 
variably cause a startling increase. The 
average fall in the rate of 20 pneumothorax 
cases was from 31 to 14 per cent. Of 11 
patients who, though improved after at 
least four months’ routine treatment still 
had a positive sputum, the average fall in 
sedimentation rate was from 20 to 10 per 
cent after sanocrysin treatment. In 6 of 
these 11 cases the sputum became negative. 
Experience has shown the wisdom of a 
guarded prognosis in a pulmonary (not 
pleural) case with an initial sedimentation 
rate over 30 per cent; and that nearly half 
of these cases do not respond satisfactorily 
without special treatment. Under 30 per 
cent the outlook is more favorable. The 
changes in rate during the first three months 
indicate not only whether or not the patient 
is responding to treatment, but the rate at 
which this improvement is taking place. A 
rising sedimentation rate means lack of 
response, and suggests the advisability of 
considering further treatment. If the sig- 
nificance of the changes and their degree in 
the individual case can be accurately gauged, 
it is considered that the test is of outstanding 
assistance to the clinician in his most difficult 
tasks, that is, the evaluation of treatment 
and the formulation of prognosis.—Observa- 
tions on the Sedimentation Rate in Pulmonary 
Tuberculosis, R. R. Trail and Doris M. 
Stone, Lancet, ccxvi, 179.—(E. H. K.) 


Red-Cell Sedimentation Reaction.— 
One hundred and forty-seven cases are re- 
ported in which blood sedimentation test 
combined with a serum reaction were made. 
In 136 the combination of the sedimentation 
and serum tests gave results which closely 
approximated those determinable by the 
usual method of diagnosis (symptomatology, 
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physical signs and sputum examinations). 
In 11 cases the test findings were at variance 
with the clinical condition as indicated by 
such methods. On analysis of these 11 cases 
it was found that three negative tubercumet 
reactions occurred in patients with definitely 
active tuberculosis, in whom there was no 
evidence of a sharp decline. Two moder- 
ately positive tubercuniet reactions occurred 
in patients with definitely advancing tuber- 
culosis. From the above observations, one 
is not justified in drawing conclusions as to 
the worth of this method.— Blood Sedimen- 
tation Test Combined with a Serum Reaction 
in the Diagnosis and Prognosis of Tubercu- 
losis, E. M. Schloss and P. R. Miller, Am. 
J. M. Sc., April, 1929, clxxvii, 523.— 
(W. I. W.) 


Red-Cell Sedimentation Reaction.— 
The rate of sedimentation of red blood cor- 
puscles was studied in 72 cases of pulmonary 
tuberculosis and 16 healthy people. The 
normal sedimentation rate of red blood cor- 
puscles in men was 9.6. Each active case 
of pulmonary tuberculosis showed an ab- 
normal rate of sedimentation. The sedi- 
mentation rate of red blood corpuscles in 
phthisis appears to be an accurate measure 
of the activity of a lesion, and as an addi- 
tional clinical test it is of use in forming a 
diagnosis and prognosis.—The Sedimenta- 
tion Test in Pulmonary Tuberculosis, H. A. 
Clegg, Tubercle, February, 1929, x, 205.— 
(W. I. W.) 


Red-Cell Sedimentation, Matefy and 
Arneth Reactions.—The red-cell sedi- 
mentation and Matefy reactions are non- 
specific for tuberculosis, but, according to 
the grade of the reaction, they indicate 
the severity of the disease, reflecting more 
accurately the activity of the process rather 
than the duration or the pathologicoana- 
tomical form. The shift in the nuclei, 
according to Arneth, combined with these 
two reactions is of value. No diagnostic 
significance can be attributed to these 
reactions nor to the Arneth reaction. Prog- 
nostically they are only valuable on re- 
peated examination.—Erythrocytensenkungs- 
reaktion, Matefyreaktion und Kernschub nach 
Arneth bei Lungentuberkulose, E. Kritschews- 
kaja and R. Finkelstein, Beitr. z. Klin. d. 
Tuberk., 1928, lxviii, 336.—(H. J. C.) 


Tubereulin Reaction and Red-Cell 
Sedimentation.—There is no relationship 
between sedimentation rate and Pirquet 
reaction, a conclusion based upon a careful 
study of 124 cases.—Bringt die Kombination 
von Alttuberkulin mit der Blutsenkungs- 
reaktion eine Verbesserung den biologischen 
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Diagnostik der Lungentuberkulose? P. A. 
Schmitt, Deutsche med. Wchnschr., December 
21, 1928, liv, 2140.—( H. S. W.) 


Cutaneous Tuberculin Diagnosis.— 
The author transplanted pieces of skin from 
tuberculous and healthy guinea pigs. If 
O. T. was injected intracutaneously into 
the transplanted skin shortly prior to or 
after transplantation, no tuberculin reaction 
occurred, but if the reaction had definitely 
occurred in the transplant before then the 
progression of the reaction continued. Con- 
tact of emulsions of tuberculous organs with 
O. T. at 37° diminished the O.-T. reaction, 
while similar contact with healthy-tissue 
emulsions had no effect. Likewise, sus- 
pensions of tubercle bacilli had a weakening 
influence, even though not as definite as that 
of tuberculous organs. According to the 
author it appears that cellular changes play 
an important réle in Old Tuberculin reac- 
tions though humoral factors may also play 
a part.—Experimentelle Untersuchungen zur 
cutanen Tuberkulindiagnostik, H. Koenigs- 
Seld, Centralbl. f. Bakt., Abt. I, Orig., 
1928, cvi, 111.—(H. J. C.) 


Tracheobronchial Tuberculosis.— 
Serial roentgenographs were made of 109 
children between the ages of seven and 
twelve, each child having had intimate and 
prolonged exposure to an active sputum- 
positive case of tuberculosis, and each also 
having a positive skin tuberculin reaction. 
All other sources of infection which might 
cause symptoms, such as bad teeth, infected 
tonsils and adenoids were removed. The 
films were grouped as showing (1) normal 
chests, (2) suspicious chests, and (3) tracheo- 
bronchial or hilum tuberculosis. These films 
were studied and classified independently by 
three roentgenologists, a pediatrician and 
two specialists in tuberculosis, and the result 
was a wide discrepancy in the interpretation 
of the roentgenographs. No single case was 
considered positive by all six observers, five 
agreed on the pathology in only one case 
and four agreed on another case. Of the 
29 cases considered to be tracheobronchial- 
node tuberculosis by at least one of the six 
physicians, 15 were considered positive by 
only one observer. The case considered 
positive by five out of the six observers was 
clinically a case of healed hilum tuberculosis. 
Study of 40 cases whose roentgenographs 
were considered normal showed four to have 
definite symptoms of active bronchial tuber- 
culosis and to be in need of preventorium 
treatment. From this discrepancy of opin- 
ion, it should be evident that no diagnosis 
of hilum tuberculosis should be made on 
roentgenographic evidence alone. The pres- 


ence of enlarged tracheobronchial lymph 
nodes, in the absence of clinical symptoms, 
does not necessarily mean either active 
or inactive hilum tuberculosis. Calcifica- 
tion of the nodes indicates a healing or 
healed process, and in the absence of clinical 
signs and symptoms institutional treatment 
is not needed. Definite and prolonged 
contact and a positive Pirquet reaction 
should be the chief requirements for selec- 
tion of children for preventoriums and 
summer camps, special attention being 
given to those poorly nourished and under- 
weight.—Inter pretation of Roentgenograms in 
Tracheobronchial Gland Tuberculosis: the 
Need of Standardization, J. B. Hawes 2d 
and E, Friedman. J. Am. M. Ass., February 
23, 1929, xcii, 609.—(G. L. L.) 


Pathogenesis and _ Resorption of 
Pleural Effusions.—This study is a con- 
tinuation of experiments attempting to 
explain the pathogenesis of oedema and 
ascites. It was shown in the previous work 
that oedema and ascites occur when the 
hydrostatic pressure in the capillaries be- 
comes greater than the colloid-osmotic pres- 
sure in the plasma, regardless of the cause of 
this alteration. This explanation holds true 
for ascites due to hepatic cirrhosis, cardiac 
failure, and tuberculous peritonitis. In the 
present study pleural effusions caused by 
cardiac failure and tuberculous pleuritis 
were examined. It was found that only 
fluid with a low percentage of protein can 
filter through the pleura; when higher per- 
centages of albumen are found this must be 
explained by a resorption of water and a 
concentration of the original fluid. It ap- 
pears from the experiments that Salyrgan 
promotes the resorption of water from 
transudates. This mechanism is explained 
by the ability of Salyrgan to decrease the 
hydrostatic pressure in the capillaries. This 
explains, too, the fact that Salyrgan produces 
hydraemia.—Pathogenese und Resorption von 
Trans- und Exsudaten in der Pleura (Salyr- 
ganwirkung), P. Iversen and E. H. Johansen, 
Klin. Wehnschr., February 12, 1929, vii, 
309.—(M. P.) 


Tuberculosis of Larynx.—Laryngeal 
tuberculosis is found in about 10 per cent of 
all patients with incipient pulmonary tuber- 
culosis. This percentage increases to about 
50 per cent in more advanced cases. The 
Clinic Hajk has seen 715 cases of laryngeal 
tuberculosis since 1920. There were 503 
male and 212 female patients. The pre- 


ponderance of male patients is caused by the 
greater exposure to occupational injuries. 
Laryngeal tuberculosis is very rare in child- 
hood. Most cases are seen in the third and 
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fourth decades. The frequency decreases 
at higherages. The most frequent symptom 
is aphonia, which usually begins insidiously 
and with remissions. But it should not be 
forgotten that the lesions may not affect 
the vocal cords, and that, therefore, aphonia 
may be absent in the presence of laryngeal 
tuberculosis. The most dreaded symptom 
is dysphagia. It is caused by ulcerations 
near the entrance to the larynx and by peri- 
chondritis. Dyspnoea is rare, and is caused 
by stenosis due to excessive swelling. Mac- 
roscopically the beginning of laryngeal 
tuberculosis is marked by infiltration and 
by superficial ulceration. The ulceration 
may increase in size and depth and cause 
oedematous swelling, particularly in the 
aryepiglottic folds. Miliary tuberculosis 
of the larynx is rare and may be the first 
demonstrable lesion in haematogenous 
propagation. The differential diagnosis is 
concerned with tumors and syphilis. An 
excision of the diseased tissue is sometimes 
necessary to establish the diagnosis. The 
treatment depends largely on the pulmonary 
tuberculosis which is present in almost every 
case of laryngeal involvement. The therapy 
may be merely symptomatic to relieve pain, 
dysphagia and dyspnoea. For this purpose 
local anaesthesia with mentholated oil, 
orthoform, or cocaine is done. Alcoholic in- 
jection into the superior laryngeal nerve or 
its resection may be resorted to. Electro- 
coagulation of ulcers occasionally brings 
relief. Local, natural or artificial helio- 
therapy relieves pain in about 50 per cent of 
the patients. Dyspnoea may have to be 
treated by tracheotomy. ‘The patient must 
be instructed not to talk. For local treat- 
ment 20 to 50 per cent lactic-acid applica- 
tions are recommended. Circumscribed in- 
filtrations on the posterior wall or on the 
epiglottis may be removed surgically if the 
general condition of the patient is good. 
Cauterization is indicated in superficial 
ulcerations. The effect of light therapy 
depends on the general condition of the 
patient. Success in treatment is chiefly 
insured by early diagnosis and by early 
treatment.—Die Kehlkopftuberkulose, E. Wes- 
sely, Wien. klin. Wchnschr., February 7, 1929, 
vt, 176.—(M. P.) 


Treatment of Pleurisy.—The sympto- 
matic treatment of pleurisy is considered 
important, while the use of tuberculin, 
autosero- and roentgenotherapy is cautiously 
appraised. Thoracocentesis is indicated in 
the case of distressing symptoms or limited 
nonresorbing effusions. Evacuation is ad- 
visedly considered. In quiescent cases 
exudate can be replaced with gas, but in 
early cases the displacement of an exudate 
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by gas may be contraindicated.—Die Be- 
handlung der Pleuritis, R. Cobet, Zeitschr. f. 
Tuberk., 1928, 1, 198.—( H. J. C.) 


Spontaneous Pneumothorax.—The 
commonest cause of spontaneous pneu- 
mothorax is the rupture of a tuberculous 
focus. In the majority of cases the onset is 
abrupt. The patient is seized with sudden 
sharp pain on the affected side and has marked 
dyspnoea. The pneumothorax may be 
open, closed or valvular. In many cases the 
air will absorb completely in three or four 
weeks. In pyopneumothorax, the pus should 
be withdrawn as soon as it is diagnosed.— 
Spontaneous and Artificial Pneumothorax, 
A. Ramsbottom, Brit. M. J., March 9, 1929, 
no. 3557, 443.—(W. I. W.) 


Surgical Treatment of Tuberculous 
Pyopneumothorax.—The author reports 
the surgical treatment of 20 cases of tuber- 
culous pyopneumothorax according to the 
method of Sauerbruch and his coworkers. 
In 10 of the cases pyopneumothorax devel- 
oped after artificial pneumothorax, while in 
the other 10 it occurred spontaneously as a 
result of internal or external fistula-forma- 
tion. The familiar irrigation of the mixed- 
infection cases did not appear superior to 
extrapleural thoracoplasty in the experi- 
ence of the author. The cases with pyo- 
pneumothorax superimposed on an artificial 
pneumothorax were prognostically less favor- 
able than the cases of spontaneous pyopneu- 
mothorax. The mortality of the former 
was 70 per cent as compared to 40 per cent 
in the latter. There was no great difference 
between the mortality of simple tubercu- 
lous pyopneumothorax (57.1 per cent) as 
compared with those with mixed infection 
(53 per cent).—Die chirurgische Behandlung 
des tuberkulésen Pyopneumothorax, H. Hauke, 
Zeitschr. f. Tuberk., 1928, 1, 304.—(H. J. C.) 


Treatment of Tuberculous Empyema 
by Replacement with Air.—Tuberculous 
empyema causes chronic ill health and dis- 
ability, but can be treated satisfactorily by a 
relatively simple procedure, namely, by re- 
peated replacement with air. Air replace- 
ment allows of gradual reéxpansion of the 
compressed, as well of the collapsed, lung 
and a gradual reduction of the mediastinal 
displacement, and therefore reduces to a 
minimum the risk of causing reactivation of 
pulmonary tuberculosis, and obviates distress 
to the patient. The esséntial feature of the 
treatment is the healing of the pleura pro- 
moted by contact with air instead of with 
fluid. The average number of replacements 
is ten, extending over a period of about a 
year. Patients are well enough to return 
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to work in about three months from the 
commencement of the treatment.—The 
Treatment of Tuberculous Empyema by 
Replacement with Air, G. T. Hebert and 
W. E. Chiesman, Tubercle, March, 1928, ix, 
257.—(W. I. W.) 


Clinically Primary Tuberculous Peri- 
carditis.—Death occurs in tuberculous 
pericarditis from either heart failure or 
miliary tuberculosis, the latter being the 
more common. Miliary tuberculosis is 
much more frequent in this than in other 
forms of tuberculosis. In most cases, fluid 
is present in the pericardial sac and this 
fluid contains viable tubercle bacilli. It 
should be evacuated frequently. When it is 
impossible to do this by paracentesis, a 
pericardotomy should be done.—Clinically 
Primary Tuberculous Pericarditis, J. A. 
Clarke, Jr., Am. J. M. Sc., January, 1929, 
cluxvit, 115.—(W. I. W.) 


Gastric Secretion in Phthisis.—It is 
commonly believed that in most cases of 
pulmonary tuberculosis the gastric secretion 
of hydrochloric acid is diminished. Knud 
Faber stated that achylia occurs in 33 per 
cent of cases. The literature does not show 
a general agreement with these ideas, and 
several workers have found hyperacidity in 
many, espécially early cases. The author 
made a special inquiry into the history of 80 
consecutive cases of early male adult pul- 
monary tuberculosis which showed that the 
incidence of digestive symptoms was not 
very high. ‘Titration of acidity in 21 cases 
without digestive disturbance showed a 
slight tendency towards hypoacidity. The 
figures were not very widely divergent from 
those of a similar series of normal individuals. 
Of 18 cases with symptoms of indigestion, 77 
per cent were normal and 23 per cent showed 
hyperacidity. There were no cases with 
decreased acid-secretion. Theories of chronic 
gastritis, anaemia of the gastric mucosa or 
even ischaemia of the whole digestive tract, 
which purport to account for an altered 
secretion, are merely guesses based on in- 
definite and probably fallacious data. The 
administration of hydrochloric acid to 24 
cases selected at random of those suffering 
or who had suffered from indigestion, and to 
those who had never suffered from indiges- 
tion, did not show any encouraging results.— 
Gastric Secretion in Phthisis, C.O.S.B. 
Brooke, Lancet, December 1, 1928, ccxv, 1128. 
—(F. G. P.) 


Functional Gastric Disturbances in 
Tubereulosis.—In tuberculosis there is a 
diminution of the gastric acidity as well as 
in the concentration of pepsin. The acid 


and the pepsin concentration do not always 
run parallel. In a third of the cases gastric 
motility was diminished. In rapidly pro- 
gressive cases there was both motor and 
secretory insufficiency. With open tuber- 
culosis tubercle bacilli are almost always 
found in the contents of the fasting stomach. 
—Uber funktionelle Magenstirungen bei 
Tuberkulose, F. Jiéggi, Beitr. z. Klin. d. 
Tuberk., 1928, lxviti, 511.—(H. J. C.) 


Tuberculous Enterocolitis.—Intensive 
study was undertaken in a group of 80 
patients with various forms of dyspepsia indi- 
cating enteric tuberculosis. They were 
grouped clinically as follows: Class 1: Com- 
prising cases of mildly active or quiescent 
pulmonary tuberculosis with recent dyspep- 
tic upsets, without physical abdominal 
anomalies. Class 2: Comprising 41 cases 
of active or quiescent pulmonary tubercu- 
losis with digestive upsets of varying dura- 
tion and localized physical abdominal 
anomalies of mild degree. Class 3: Com- 
prising 32 cases of commonly active pulmo- 
nary tuberculosis with pronounced digestive 
upsets and widespread physical anomalies. 
In class 1 there was an absence of symptoms 
suggestive of extensive disease, but rather 
manifestations of mild, stimulant and irri- 
tant interference with neuromuscular func- 
tion of the ileocaecal region. Localized 
disease was evidenced on physical examina- 
tion. The roentgenological evidence was 
indefinite. In this group appendicectomy 
and rectal-fistula operations had been per- 
formed in 3 cases. In class 2 there was 
usually alternating diarrhoea and constipa- 
tion, the abdomen was rarely free from pain, 
dehydration and malnutrition were constant, 
there were marked physical abdominal 
signs, and the roentgenological evidence was 
that of deforming hyperplastic lesions in the 
ileocaecal region. The disease was slowly 
progressive and the patient usually lived a 
year to several years. In 7 patients there 
were rectal fistulae and in 3, rectal abscess. 
In class 3 both pulmonary and enteric lesions 
were very progressive, toxaemia pronounced, 
and the intestinal walls involved over wide 
areas from mucosa to peritoneum, with little 
or no evidence of reparative effort. Ab- 
dominal symptoms were very marked, per- 
foration and peritonitis occurred frequently, 
and roentgen examination always revealed 
definite pathological changes. In class 1 
actual deforming lesions, affecting only 
the appendix or a small area of terminal 
ileum or caecum, were difficult to demon- 
strate roentgenologically. In a person with 
pulmonary tuberculosis, irritability and 
spasm in this area, even though slight, should 
be considered as tuberculous until proved 
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otherwise. In classes 2 and 3 roentgen 
studies uniformly revealed gross, deforming 
lesions. It is the opinion of the writers 
that active therapy should be directed 
toward such patients as in class 1, with 
slight dyspeptic attacks. Early laparotomy 
should be performed, and the localized dis- 
ease removed surgically. In class 2 surgical 
exploration should depend on the condition 
of the pulmonary lesion and whether the 
bowel disturbance is limited to the ileocaecal 
region. Inclass3 surgery is contraindicated. 
The diet should be arranged so that diges- 
tive absorption leaves scant residue. Raw 
milk is not permitted, but should be citrated. 
or parboiled. Overfeeding should be avoided. 
The fattening process common in the die- 
tetic management of tuberculosis does more 
harm than good, throwing too great a bur- 
den on the alimentary tract. Confinement 
to bed is necessary, not only for fever, but 
until spasm, diarrhoea, nausea and vomiting 
have disappeared. In some instances helio- 
therapy relieves pain and promotes general 
comfort. The pains and constipation of 


early enterocolitis can be relieved by one 
ounce of liquid petrolatum four to six times 
daily. Warm cottonseed oil per rectum 
retained through the night is helpful. 
With spastic contractures orthoform, 20 
grains, and extract of belladonna may be 


added. In the late stages the diet should 
be fluid, and the diarrhoea controlled medic- 
inally by bismuth subgallate or by irrigating 
the bowel once or twice daily with sodium- 
chloride solution, along with opium medica- 
tion. In some cases irrigation with warm 
solutions of silver nitrate, tannic acid or 
mercurochrome prove helpful.—Tubercu- 
lous Enterocolitis, F. Smithies, M. Weisman 
and F. Fremmel, J. Am. M. Ass., December 
22, 1928, xci, 1952.—(G. L. L.) 


X-Ray Studies of Colon in Pulmonary 
Tuberculosis.—Roentgenologic-anatomical 
studies were made on the colon of patients 
with pulmonary tuberculosis. By recording 
all the final readings uniformly in the upright 
position of the subject and by expressing 
the levels and distances by means furnished 
by the individual’s own skeleton, the writers 
believe thev have avoided the usual pitfalls 
in collecting data of similar nature. The 
caecum was found on the linea terminalis 
in 50 per cent of the males and in about 47 
per cent of the females, and in the pelvis 
minor in about 23 per cent of the males and 
in about 43 per cent of the females. The 
hepatic flexure was an acute angle, and the 
first portion of the transverse colon lay 
parallel with the ascending colon for half 
of the length or less of the ascending colon 
in about 41 per cent of the males and 30 per 


cent of the females, and for more than half 
of the length of the ascendihg colon in 22 per 
cent of the males and in about 35 per cent 
of the females. The transverse colon was 
found in all but 3 males and 2 females at a 
lower level than the greater curvature of the 
stomach. The most dependent portion of 
the transverse colon reached below the level 
of the promontorium in about 65 per cent 
of the males and about 93 per cent of the 
females. The lowest point of the greater 
curvature of the stomach reached lower than 
the level of the third lumbar vertebra in 
about 95 per cent of the males and 98 per 
cent of the females. It was found below the 
level of the promontorium in about 21 per 
cent of the males and about 51 per cent of 
the females. Perfect fusion, nonfusion, 
imperfect fusion and irregular fusion of the 
layers of the great omentum were judged by 
the relative position of the stomach and the 
transverse colon as seen during roentgeno- 
scopic examination and found by palpation 
and roentgenographs. A perfect fusion (1) 
was inferred in 50 per cent of the males and 
in only about 21 per cent of the females; 
nonfusion, that is, an absence of the so called 
gastrocolic ligament in about 23 per cent of 
the males and in 48 per cent of the females; 
an imperfect fusion in 20 per cent of the 
males and in about 25 per cent of the fe- 
males; and an irregular fusion was deduced 
in about 3 per cent of the males and in about 
3 per cent of the females. Adhesions be- 
tween the ascending and the transverse 
colon were inferred in about 49 per cent of 
the females, between the transverse and the 
descending colon in about 29 per cent of the 
males and in about 44 per cent of the fe- 
males.— Roentgen-Anatomical Studies of the 
Colon in Patients with Pulmonary Tubercu- 
losis, H. L. Sampson and B. Halpert, Am. 
J. Roentgenol. & Rad. Ther., January, 1929, 
xxi, 37.—(W. I. W.) 


Tuberculosis of Pancreas.—Case Re- 
port: A male patient, aged 66, was admitted 
to the Victoria infirmary, deeply cyanosed 
and inastate of collapse. Breathing was lab- 
ored, temperature 99.4°, and respirations 32. 
The patient died two days after admission. 
Postmortem examination revealed that the 
left lung was firmly adherent at the apex and 
studded with tuberculous nodules. ‘The 
pancreas was congested dnd firm. On sec- 
tion a large area of haemorrhage extending 
into the body of the organ and small areas 
of necrosis were noted. The rapidity of the 
fatal symptoms was caused by the absorp- 
tion of the protein derivatives due to the 
action of pancreatic juices on its own ne- 
crosed tissue——Acute Haemorrhagic Pan- 
creatitis with Tuberculous Disease of Pan- 
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creas, J. A. M. Cameron, Brit. M. J., 
February 23, 1929, no. 3555, 344.—(W. I. W.) 


Treatment of Surgical Tuberculosis.— 
The principles which should be considered 
in the treatment of surgical tuberculosis are: 
1: Preventive treatment to cut off the 
sources of infection, or reduce the dosage, 
and to maintain the subject’s resistance at 
a high level. 2: Early diagnosis as a basis 
of early treatment. 3: Thorough treat- 
ment, which should be begun early, persisted 
in over a sufficient period, in what is essen- 
tially a chronic and remittent disease, and 
directed to the general as well as the local 
condition of the patient. 4: Provision of 
facilities for supervision over many years to 
guard against relapse, or recognize it as 
soonasitoccurs. 5: Guidance of the healed 
case in the choice of a vocation, so that he 
shall avoid occupations which put a direct 
strain on the once damaged tissues.— The 
Care of the Tuberculous Cripple, M. For- 
rester-Brown, Brit. J. Tuberc., January, 
1929, xxiii, 17. —(B. T. McM.) 


X-Ray Treatment of Bone and Joint 
Tuberculosis.—The mode of action of X- 
rays on extrapulmonary lesions is still a 
matter of controversy. It has been shown 
that the lymphoid cells of the tubercle are 
the most sensitive structures in regard to 
X-rays. The epithelioid cells are less 
sensitive and are hardly affected by the usual 
dosage of X-rays. It may be concluded, 
therefore, that the destruction of lympho- 
cytes and leucocytes liberates substances 
which act on the tuberculous process. All 
X-ray therapy must be combined with the 
usual orthopaedic, therapeutic and hygienic 
measures. It must, however, be strictly 
avoided to combine any other local treat- 
ment with X-ray therapy, such as helio- 
therapy, tuberculin administration, or the 
local application of iodine. These measures 
increase the susceptibility of the focus to 
X-rays, and they may cause a violent reac- 
tion. Operations should as a rule not be 
done before a period of conservative X-ray 
treatment has not proved successful. Free 
sequestra should always be removed surgi- 
cally. The various forms of bone and joint 
tuberculosis react with a different amount of 
success to X-ray therapy. Dry fibrous 
arthritis is most easily influenced. Simple 
hydrops usually reacts well. Advanced 
joint tuberculosis with considerable destruc- 
tion of bone, lesions with sinuses which are 
secondarily infected, should always be 
subjected to X-ray therapy. Closed fungat- 
ing processes are rather resistant to X-ray 
therapy. The localization and the size of 
the bone or joint is not of great importance 


in the indication for the treatment. One 
finds generally that young individuals and 
the very old react best to X-rays. The 
dosage must be adapted to the type of 
lesion. Soft infiltrated lesions must receive 
much smaller amounts of rays than fibrous 
or torpid foci. The dosage varies very much 
according to different authors, but a study 
of the literature shows that the reported 
results are the better the smaller the dosage 
employed. Treatment should never be 
started with more than 5 to 10 per cent of 
the erythema doses. In active and acute 
lesions the initial dose should be a fraction 
of 1 per cent of the erythema dose. Increase 
of swelling, temperature, or secretion indi- 
cates a reduction of rays or an increase in the 
intervals between treatments. Several ser- 
ies of treatments with intervals of three to 
twelve weeks may be necessary. Other 
forms of local treatment may be employed 
during the intervals. The most important 
consideration in X-ray therapy is to avoid 
too strong reactions, and one will find that 
the best results are obtained with extremely 
small dosage of X-rays.— Réntgenstrahlen- 
therapie der Knochen- und Gelenkstuberku- 
lose, J. Palugyay, Wien. klin. Wchnschr., 
November 1, 1928, xliv, 1522.—(M. P.) 


Joint Tuberculosis.—Using operative 
fusion in conjunction with heliotherapy and 
bed-rest, the results of treatment of 60 cases 
of joint tuberculosis with an average follow- 
up period of two and one-half years show that 
32, or 53.3 per cent, have good or excellent 
results, 17, or 28.3 per cent, failed to respond 
to surgery, while 11 are still under treatment. 
Those successfully treated spent an average 
of forty months each in hospitals before 
surgery was resorted to, and were discharged, 
on an average, nine months after surgical 
treatment. All joints were fused except in 
4 cases of tarsal amputation. The average 
age in the successful group was four years 
less than in the unsuccessful group. In 
knee-joint and tarsal involvement there was 
85 and 87 per cent of success. Spines showed 
about 50 per cent of successes. The highest 
percentage of failures was in hip-joint in- 
volvement with associated sinuses and 
generalized tuberculosis in most instances. 
It would seem, however, that operative 
fusion offers the quickest means of restoring 
the patient to normal life, and is by far the 
least expensive method in the long run, 
although those with multiple foci do not 
respond well to surgery.—Joint Tubercu- 
losis: a Study of Operative and Unoperative 
Treatment of Sixty Cases from Social and 
Economic Aspect, M. Cleveland and E. 
Pyle, J. Am. M. Ass., May 4, 1929, xcii, 
1496.—(G. L. L.) 
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Tuberculosis of Hip.—Tuberculosis of 
the hip is probably never cured with useful 
motion; therefore surgical fixation of the 
joint in children is justified. Intradrticular 
fixation is usually unsuccessful, as it is im- 
possible as a rule to get enough healthy bone 
in contact within the diseased joint. Fixa- 
tion should be done as early as possible, 
both as regards the age of the patient and the 
duration of the disease, and the extraarticu- 
lar operation affords a means for this early 
fixation. The juxtairticular methods of 
Kappis and Hibbs, as well as the author’s 
method of inserting a free graft from the 
trochanter and upper end of the shaft into 
the best possible groove in the roof of the 
acetabulum, provide better results than the 
paradrticular method of Albee. It is safe 
to operate in the presence of active tubercu- 
lous disease, even with abscess, if there is no 
open sinus. Even though fixation does not 
occur promptly after the operation, the graft 
provides an internal splint which relieves 
symptoms and prevents spread of the disease. 
The operation does not interfere with growth. 
Shortening is only that present before 
operation. Flexion of from 20 to 40 degrees 


in midposition is the position of choice. In 
the author’s series of 17 patients who had 
the juxtadrticular operation of Hibbs firm 


bony union resulted in all but five. Good 
function is present in all but two, and in all 
cases the progress of the disease and all 
symptoms have been stopped.—End- Results 
of Extra-Articular Fixation of the Tubercu- 
lous Hip in Children, F. C. Kidner, J. Am. 
M. Ass., December 15, 1928, xci, 1865.— 
(W. I. W.) 


Tuberculosis of Spine.—All that can be 
reasonably expected of operative fusion for 
tuberculosis of the spine is the development 
of bony ankylosis. In well conducted opera- 
tions the mortality is low. The writer re- 
ports the results of operation on 301 patients 
from 1912 to 1925 inclusive, Albee’s method 
used in 269, and Hibbs’s in 32. There were 
16 patients from 1 to 10 years of age, and 18 
from 11 to 20. The average duration of 
symptoms was three years. Tuberculosis 
was present elsewhere in the body in 101 
cases, pulmonary tuberculosis in 65. ‘These 
were not operated upon until the pulmonary 
lesion was at least quiescent, with negative 
sputum. Results were classified as excel- 
lent, good, fair, poor and fatal, group 1 com- 
prising those fully restored to their former 
duties without symptoms, group 2 those 
able to earn a living at light work, with 
perhaps a few symptoms, and group 3 those 
in which there was moderate improvement. 
In selection of cases, renal tuberculosis was 
eradicated before spinal fusion. The pres- 


ence of a draining abscess does not contra- 
indicate operation, but the sinus must not 
be in proximity to the operative field. Asa 
rule, results in children operated on before 
the age of puberty were not good. Post- 
operative care consists of the use of the 
Bradford frame for 6 to 12 weeks, then a 
brace or a cast for at least a year, with 
heliotherapy and tonics. Of the total num- 
ber, excellent results were obtained in 33.7 
per cent, good in 18.1, fair in 15.5 poor in 
12.1, and fatal in 20.4 per cent. Therefore, 
definite improvement was noted in 67.3 per 
cent and highly satisfactory results in 51.8 
per cent, which definitely establishes the 
procedure as beneficial. Operative results 
were better in cases in which the lumbar 
region was affected. The length of time 
usually necessary to complete convalescence 
in groups 1 and 2 was nearer two years than 
one, and those in better economic position 
improved much faster. It is useless to sub- 
ject patients with advanced tuberculosis of 
the lungs or of the genitourinary tract to 
this operation, for it merely provides a per- 
manent splint and does not eradicate the 
disease. Practically all the 20.4 per cent 
who died had dissemination by way of the 
lungs, meninges or genitourinary tract. All 
patients left the hospital except three, who 
were considered as an operative mortality of 
1 per cent.—Operative Fusion for Tubercu- 
losis of the Spine: Report of Three Hundred 
and One Cases, M. S. Henderson, J. Am. 
M. Ass., January 5, 1929, xcii, 45.—(G.L.L.) 


Fusion of Vertebral Bodies in Spinal 
Tuberculosis.—At the clinic of the Lake- 
ville State Sanatorium, Middleboro, Massa- 
chusetts, there are now 86 cases of Potts 
disease under treatment, constituting ap- 
proximately 45 per cent of all extrapulmo- 
nary tuberculosis at the Sanatorium. The 
only practical criteria of cure are (1) absence 
of local and general symptoms, and (2) bony 
fusion, as determined by lateral roentgeno- 
graphs. “Fusion” implies that process of 
healing by which two or more vertebral 
bodies become welded together, rather than 
a fusion of spinous processes and laminae, 
and is brought about by nature rather than 
operative measures. The cases here pre- 
sented were admitted from general hospitals 
throughout Massachusetts and observed for 
a minimum period of two years. All cases, 
operative and nonoperative, are treated by 
local immobilization and absolute recum- 
bency until there is definite roentgenographic 
evidence of (1) complete or partial bony 
fusion, or (2) regeneration of calcium. 
Some are immobilized by plaster jackets, 
others on Bradford frames, and still others 
on anterior or posterior frames or shells. 
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Several nonoperative cases are reported 
which resulted in fusion of the vertebral 
bodies. Uninterrupted recumbency is nec- 
essary, as it is the weight of the superim- 
posed bony column and the continual pound- 
ing or jarring by ambulation which favor 
destruction of bone in the average progressive 
case. In this first group, nature has re- 
sponded, first by disintegration and disap- 
pearance of the intervertebral discs, second 
by collapse of the vertebral bodies, and 
finally by healing by fusion. The osteoplas- 
tic operations attempt to convert the 
spinous processes, laminae, etc., into a solid 
sheet of bone. If performed at the wrong 
time they defeat the purpose of treatment, 
that is, fusion of the articular constituents, 
by holding the intervertebral space so far 
apart that bone-cells can not bridge the gap. 
This subject was recently investigated by 
the Commission on Ankylosing Operations 
of the Spine of the American Orthopedic 
Association, which reported that operation 
does not prevent increase of destruction 
nor of deformity. Steindler regards it as 
only an incident of treatment, since fixation 
and mechanical support must always follow 
it for a considerable period. Union be- 
tween the affected bodies, if it exists, is at 
best a soft fibrous one in which new trauma 
or other unfavorable factors may awaken 


the dormant process and cause recurrence of 
acute symptoms or establishment of second- 


ary foci. For this reason the mortality is 
high and 25 per cent of the cases show 
multiple lesions. Z. B. Adams, of Boston, 
has recently voiced a sane and conservative 
attitude toward osteoplastic operations thus: 
“Tt is a great deal better to get the bone ina 
state of healing before a graft fusion is 
attempted.” At Lakeville it is believed 
that the spinal operations hold an impor- 
tant place in the treatment of vertebral tu- 
berculosis only after failure of conser- 
vative measures. Conclusions: 1: The ideal 
end result or cure in. . . . spinal tubercu- 
losis is reached when there is definite bony 
fusion of the affected vertebral bodies. 2: 
To attain this goal, prolonged uninterrupted 
recumbency is imperative. 3: By conserva- 
tive therapy, vertebral fusion takes place 
sooner, as well as surer, than through opera- 
tive measures.— Tuberculosis of the Spine, 
with Particular Reference to Fusion of the 
Vertebral Bodies, H. Ragolsky, New Eng- 
land J. M., March 21, 1929, cc, 608.— 
(A. P.) 


Renal Tuberculosis.—A report is given 
on 60 cases of renal tuberculosis in which 
nephrectomy was performed during a period 
of nine years at Bellevue Hospital. The 
average postoperative period was five and 


one-half weeks, and there were 12 deaths. 
Tubercle bacilli were found in the urine in a 
high percentage of cases, 39 per cent in 
bladder urine, and 54 per cent in ureteral 
urine. Genital foci were present in 27 
of 54 cases examined, which high percen- 
tage suggests that renal involvement should 
be looked for in all cases of genital tuber- 
culosis. Pulmonary involvement was also 
fairly common (25 per cent), and pus in 
the urine in these cases should direct atten- 
tion to the kidneys. Tubercle bacilli were 
found in the urine in only 11 of the cases of 
genital tuberculosis. Prognosis depends 
largely on tuberculosis elsewhere than in the 
urinary tract. If the active lesion is con- 
fined to one kidney only, the prognosis is 
good. Thereis no constant relation between 
the duration of symptoms and the degree of 
renal involvement. Functional tests of the 
diseased kidney give a fair idea of the amount 
of kidney destruction. There are occasion- 
ally some cases, however, in which the tuber- 
culous kidney exhibits the better functioning 
capacity of thetwo. The ureter correspond- 
ing to the affected kidney is almost always 
involved along with the kidney. Spinal 
anaesthesia not only renders nephrectomy 
easier to perform than general anaesthesia 
but offers hope in solving the problem of 
postoperative pulmonary exacerbations.— 
Renal Tuberculosis: Analysis of Operations 
During the Past Nine Years in the Bellevue 
Hospital Urologic Service, H. S. Jeck, J. 
Am. M. Ass., January 26, 1929, xcii, 300.— 
(G. L. L.) 


Renal Tuberculosis.—For a long time 
it has been firmly believed that renal tuber- 
culosis never heals spontaneously. This 
statement is true if one takes into account 
only those moderately large, destructive 
lesions on which operation is imperative. 
However, anatomical and pathological in- 
vestigation, especially study of serial sec- 
tions of large portions of kidneys, has re- 
vealed the fact that an astonishing number 
of small tuberculous lesions heal spontane- 
ously. This has led to the idea that it is 
very probably true that we recognize clini- 
cally only the occasional instance which for 
some reason has not healed but has become 
progressive. Immunity from antecedent 
infection must also play an important part 
in the healing of a certain amount of renal 
tuberculosis. It has been stated that the 
normal, intact renal epithelium may trans- 
mit tubercle bacilli to the urine without the 
occurrence of renal injury. But, in view of 
the anatomical studies referred to, such a 
contention would be exceedingly difficult to 
prove. Urologists should evaluate  sus- 
pected cases only after careful examination 
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of all available evidence and should bear in 
mind the possibility of minute foci of tuber- 
culous infection of benign nature.— 7 uber- 
culosis of the Kidney, G. Dalldorf, Am. J. 
Surg., August, 1928, n. s. v, 114.—( H. S. W.) 


Renal Tuberculosis.—Renal tubercu- 
losis was found in 2.1 per cent of 1,112 sana- 
torium patients and among 2.8 per cent of 
418 open cases of pulmonary disease. Uro- 
genital tuberculosis presents predominantly 
the disease picture of secondary tuberculosis. 
The combination of tuberculous spondylitis 
with renal tuberculosis was frequent, for 
among 39 cases with spondylitis 5 had renal 
tuberculosis. Of importance in early diag- 
nosis is the finding of pus in a sterile urine. 
With the slightest suspicion of renal tuber- 
culosis animal inoculation of the urine should 
be resorted to. Prostatic or epididymeal 
tuberculosis calls for a complete urological 
examination. The indications for nephrec- 
tomy depend upon the activity of the pul- 
monary and renal lesions.—Beitrag zur 
Klinik der Nierentuberkulose, mit besonderer 
Beriicksichtigung der Friihdiagnose und der 
Indikationsstellung zur operativen Behand- 
hung, J. Steiger, Beitr. 2. Klin. d. Tuberk., 
1928, lxviti, 406.—( H. J. C.) 


Nonsurgical Renal Tuberculosis.— 
Tubercle bacilli may be present in catheter- 
ized urine when no clinical urological tuber- 
culosis exists. No laboratory test alone 
should make the diagnosis in the absence of a 
positive pyelographic examination and dimin- 
ished secretion of urea and phthalein. Bacil- 
laemia and bacilluria without actual tuber- 
culosis of the kidney may lead to acute 
changes resembling nephritis. Numerous 
writers have found tubercle bacilli in the 
urine in as many as 10 per cent of patients 
with pulmonary tuberculosis, none of whom 
showed any evidence of renal tuberculosis. 
One case reported by the author with virulent 
tubercle bacilli (animal inoculation) in the 
urine underwent a nephrectomy operation, 
the organ showing no gross or histological 
evidence of tuberculosis. There was evi- 
dence of nephritis and pyelonephritis. 
There was a stricture of the ureter. During 
the interval between inoculation and autopsy 
of the guinea pigs the patient was being 
treated by weekly irrigations and ureteral 
dilatations and was improving. The toxic 
nephritis and pyelonephritis is thought 
definitely to have been due to the excretion 
of tubercle bacilli and to have been accen- 
tuated by the stricture which produced a 
certain amount of stasis. Bilateral renal 
tuberculosis is not a common disease. When 
it does occur, it is usually in a person who 
has demonstrable tuberculosis elsewhere in 


the body. In such cases the urinary bladder 
is always involved either symptomatically or 
pathologically. Secretion of urea is a valu- 
able criterion as to the degree of renal 
damage. The combined method of blood 
chemistry and functional tests is of great 
value. If diagnosed early, it is usually wise 
to remove the organ having the most disease, 
the patient being kept under careful regimen 
for a long period afterward. If both organs 
are involved and both show materially 
diminished function, nephrectomy is to be 
avoided and medical treatment carried out. 
If there is pyelonephritis, weekly cystoscopic 
treatments with dilatation of the ureter and 
irrigation with an antiseptic, such as acri- 
flavine 1 to 1000, should be carried out. 
Histological examination points to instances 
of cure of renal tuberculosis, and conserva- 
tive medical and urological treatment should 
be employed more often, before resort to 
surgery is had.— Non-Surgical Renal Tuber- 
culosis, R. Gutierrez, Am. J. Surg., August, 
1928, n. s. v, 99.—( H. S. W.) 


Medical Treatment of Genitourinary 
Tuberculosis.—A survey of the records of 
the New York Hospital for the last five 
years shows that nephrectomy for tubercu- 
losis was done 40 times. All of the patients 
still live, but many of them are invalids who 
have very troublesome genitourinary or 
general symptoms. It should be realized 
that nephrectomy does not meet the entire 
needs of the patient because he generally 
has tuberculosis in some other situation in 
the body. Medical care of postoperative or 
inoperable cases is very necessary and should 
include a careful regimen of diet, hygiene, 
heliotherapy, tuberculin therapy and local 
treatment such as ureteral irrigation, etc. 
Close codperation between surgeon and 
phthisiologist or internist is of the greatest 
importance in such circumstances. How- 
ever, medical treatment is to be regarded as 
an adjunct to and not necessarily a substi- 
tute for surgical treatment.— Treatment of 
Inoperable and Postoperative Urinary Tuber- 
culosis, W. R. Delzell, Am. J. Surg., Septem- 
ber, 1928, n. s. v, 209.—( H. S. W.) 


Male Genital Tuberculosis.—Epididy- 
mectomy in genital tuberculosis can usually 
be done and is much to be desired over 
orchidectomy, which is generally unneces- 
sary. This statement holds even in face of 
the fact that more than one-half of all 
patients develop a second epididymitis 
later. The operation is done under either 
local or spinal anaesthesia and is in the 
nature of an exploratory operation. If re- 
moval of the testicle is indicated after in- 
cision, it is removed; if not, it is not removed. 


ABSTRACTS OF TUBERCULOSIS 23 


Operation, however, is usually palliative, 
since a large percentage of patients have 
clinical tuberculosis elsewhere in the body 
and generally do badly. Tubercle bacilli 
are very rarely found in the urine in extra- 
renal genital tuberculosis. The only ade- 
quate treatment is the treatment of the 
disease as it affects the whole body. More 
important than the operation itself in most 
cases are the prolonged rest and the general 
management such as can be given only in 
sanatoria. As regards operation, however, 
the smallest and least radical procedure that 
is commensurate with the circumstances is 
to be advised.—Male Genita: Tuberculosis, 
A. T. Osgood, Am. J. Surg., September, 
1928, n. s. v, 212.—(H. S. W.) 


Treatment of Genital Tuberculosis.— 
De Smeth’s observations concern 30 cases 
in males, including both private and hospital 
clinic patients. He divides these into two 
main groups according to circumstances: 
(1) those who can undergo a prolonged 
period of treatment and (2) those whose 
occupations or economic exigencies require a 
rapid solution. He subdivides the first 
group into (1) those with a simple localized 
epididymeal focus without any other appreci- 
able lesion, (2) those with lesions of epididy- 
mis, testis, prostate, and seminal vesicles, 
and (3) those with also pulmonary or osseous 
tuberculous lesions. ‘Those with renal tuber- 
culosis are excluded from this category as 
hardly amenable to improvement by any 
prolonged medical treatment and as requir- 
ing early operation (nephrectomy) with but 
few advocates of a contrary policy. The 
second chief group (poorer classes and small 
bourgeoisie) includes also professional people 
who have not the means for prolonged treat- 
ment or will not submit to it,—lawyers, 
physicians, etc. The great majority of the 
first group secure remarkable results from 
heliotherapy and actinotherapy. Double 
fistulous tuberculous epididymitis may be 
reduced to a single small nodule on one side, 
rapidly cured by epididymectomy. Pros- 
tatic and vesicular lesions, on the other 
hand, seem very little influenced. Artificial 
heliotherapy can be more rapidly and regu- 
larly applied than natural sunlight, and there 
is little difference in the results. To turn 
to the second class, all with simple genital 
tuberculosis are amenable to surgical treat- 
ment, except when the general condition is 
poor, when a preliminary rest and light cure 
is to be advised. What kind of surgery 
should be performed? Radical removal of 
prostate, vesicles and epididymes is not 
advised. De Smeth limits himself to simple 
or double epididymectomy according to 
extent of the lesions, castration being left 


as a last resource. Of 10 patients under- 
going epididymectomy, all are in satisfactory 
condition. Two had reimplantation of the 
vas into apparently normal testes. All still 
have prostatic or vesicular nodules, but no 
symptoms. The practitioner is cautioned 
against the mistake of assuming that there 
is a urinary tuberculosis when there is no 
haematuria and no painful or frequent urina- 
tion, even though the urine contains tubercle 
bacilli, when there are present genital lesions. 
Cystoscopy and ureteral catheterization are 
to be avoided when there are no vesical 
symptoms in such cases, as one may aggra- 
vate the genital lesions. Summary: Helio- 
therapy, actinotherapy and epididymectomy 
yield equally good results in suitable cases. 
Physical agents have the advantage of pre- 
serving the integrity of the spermatic pas- 
sages and the hope of procreation, but at 
times initial radical excision of the diseased 
parts (when localized) may be considered 
preferable for the individual and society.— 
Le traitement de la tuberculose génitale chez 
Vhomme, J. De Smeth, Rev. Belge d. 1. 
Tuberc., May-June, 1928, xix, 106.—(A. P.) 


Tuberculous  Salpingitis.—Although 
tuberculous salpingitis is commonly asso- 
ciated with ectopic pregnancy, the clinical 
manifestations of a ruptured tube due to 
tuberculosis in the absence of tubal preg- 
nancy israre. A case is reported of a young 
white woman giving a history and showing 
the clinical picture of ruptured tubal preg- 
nancy. Laparotomy revealed only a bleed- 
ing fallopian tube due to the necrosis of a 
blood-vessel by the tuberculous process. No 
elements of gestation were found. The 
tubal tuberculosis was secondary to an 
apparently healed peritoneal process. The 
haemorrhage was not only free in the peri- 
toneal cavity but had dissected the peri- 
toneum over the bladder and broad liga- 
ment, giving rise to pain in the left lower 
portion of the abdomen, and tenderness over 
the bladder.— Tuberculous Salpingitis Simu- 
lating Ruptured Tubal Pregnancy, K. A. 
Meyer and A. F. Lash, J. Am. M. Ass., 
February 2, 1929, xcii, 390.—(G. L. L.) 


Early Symptoms of Tuberculous Men- 
ingitis.—Early diagnosis is especially im- 
portant in such a uniformly fatal disease as 
tuberculous meningitis. In this disease 
vomiting, sometimes of a psychic nature, 
and transient periods of irrationality help 
in causing one to suspect the diagnosis, 
especially if there is a history of tuberculosis 
in the family. Intermittent or continued 
fever without obvious explanation and 
trauma, especially of the head, are also 
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sometimes forerunners of the disease.—Ein 
Friihsymptom der Meningitis tuberculosa, K. 
Ochsenins, Deutsche med. Wehnschr., Febru- 
ary 8, 1929, lv, 224.—(H. S. W.). 


Tuberculoma of Brain.—In 1,699 con- 
secutive postmortems at the New Haven 
Hospital, 809 including cranial contents, 
tuberculous meningitis was present 34 times, 
and, of these, gross involvement of brain 
substance was seen in 8 cases. Although the 
usual opinion is that tuberculoma is single 
and usually in the cerebellum, multiple in- 
volvement was seen in most of the 8 cases 
reported, and the cerebrum was one of the 
sites of location in seven of the eight. Re- 
cent articles report a majority of such 
lesions in adults, contrary to earlier opinion 
that tuberculomata were more frequently 
seen in children. Of the 8 cases reported, 
seven showed a definite reaction in the 
meninges, confirmed microscopically. This 
is in marked contrast to the less frequent 
association with tuberculous meningitis 
reported by some other writers.—Eight 
Cases of Tuberculoma of Brain Found at 
Necropsy, H. W. Ferris, J, Am. M. Ass., 
May 18, 1929, xcii, 1670.—(G. L. L.) 


Pulmonary Tuberculosis and Tuber- 
culosis of Skin.—It is usually assumed 
that patients with tuberculosis of the skin 
are exempt from pulmonary tuberculosis. 
It was shown, however, in two of the largest 
statistics (Leloir, Grouven) that approxi- 
mately 30 per cent of all patients with lupus 
or scrofuloderma had clinically demonstrable 
signs of pulmonary tuberculosis. It is not 
sufficient to point out only the frequency of 


coincidence, but it is necessary to investigate 
the mutual influence of the two lesions. 
Forchhammer reported 1,190 patients seen 
at the Finsen Institute from 1896 to 1906, 
and found that 0.89 per cent of them died 
every year of pulmonary tuberculosis. At 
the same time the general tuberculosis 
mortality for Denmark was 0.127 per cent 
in average, that is, only one-seventh of the 
tuberculosis mortality of patients with 
lupus. While 10.5 per cent of all deaths 
were due to pulmonary tuberculosis in the 
general population, 45 per cent of all deaths 
among all patients with lupus was due to 
the same cause. Statistics from the derma- 
tological clinic at Breslau showed that 21.5 
per cent of all patients with cutaneous 
tuberculosis had pulmonary tuberculosis, 
and that 5 per cent of them had progressive 
pulmonary lesions. During four years 
(1925 to 1928) 111 patients with cutaneous 
tuberculosis were admitted to the dermato- 
logical clinic at the University at Freiburg. 
They were all examined roentgenologically. 
It was found that 12 to 19 per cent of these 
patients had pulmonary tuberculosis. T his 
is approximately the same percentage as is 
found in patients with other types of extra- 
pulmonary tuberculosis. The generally ac- 
cepted dictum that skin tuberculosis renders 
a patient immune to pulmonary tuberculosis 
cannot be maintained; it must be emphasized 
that skin tuberculosis predisposes to pul- 
monary tuberculosis, and it appears that 
the latter usually develops later than the 
former.—Uber die Beziehungen der Lungen- 
tuberkulose zur Hauttuberkulose, Keller and 
Schilling, Klin. Wehnschr., March 26, 1929, 
xiii, 603.—(M.P.) 
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Tuberculous Rheumatism and Ery- 
thema Nodosum.—The view of Poncet, 
that about 50 per cent of all cases of chronic 
polyarthritis are of tuberculous origin, is not 
verified. A systematic study was made, 
taking into consideration the character- 
istics of tuberculous rheumatism, such as 
the inaction of salicylates, absence of endo- 
carditis, protracted course, and a tendency 
to fibrous retraction and contractures, as 
well as the clinical classification into arthral- 
gias, acute and subacute articular inflamma- 
tion and chronic polyarthritis. Among 
1,500 cases there were two found with ap- 
parent primary polyarthritis, 1 with osseous 
ankylosis, and in 2 other cases exudation 
and ankylotic polyarthritis. In the cases 
of arthralgia observed none revealed exuda- 
tion into the joints or connective-tissue 
retraction and ankylosis. The author makes 
special note of the relation of erythema no- 
dosum to the arthralgias. Among the 1,500 
cases there were found 11 with erythema 
nodosum, especially in women of 18 to 33 
years of age. The condition occurred not 
only in the early stages of tuberculosis but 
also well-developed cases, although it is rare 
in advanced tuberculosis. Frequently ery- 
thema nodosum was associated with tuber- 
culotoxic arthralgia. Chronic polyarthri- 
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dites were found in 60 cases, mostly with 
slight pulmonary findings, and_ localized 
mainly in the knee, foot, elbow and shoulder. 
Light and sun-baths and sodium iodide are 
recommended in treatment. The lack of 
action of salicylic preparations is commented 
upon.— Tuberkuléser Gelenkrheumatismus und 
einige Bemerkungen tiber Erythema nodosum, 
S. Magnusson, Beitr. 2. Klin. d. Tuberk., 
1928, Ixviti, 657.—(H. J. C.) 


Erythema Nodosum and Phlyctenular 
Conjunctivitis with Hilum Tuberculosis. 
—Erythema nodosum, formerly entirely 
associated with rheumatism, is to-day con- 
sidered a tuberculous manifestation by 
many. Phlyctenular conjunctivitis is con- 
sidered almost pathognomonic of tubercu- 
losis. The case of a boy of 4% years is 
reported. He had had a negative intracu- 
taneous tuberculin test July 24, 1924. For 
the following two years he had lived in the 
same house, but not in the same apartment, 
with an uncle who had active tuberculosis. 
In 1926 he developed measles. A few days 
after the disappearance of the rash a typical 
erythema nodosum appeared. A Pirquet 
test done at this time was strongly positive. 
About 6 weeks after the onset of the measles 
he developed phlyctenular conjunctivitis in 
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both eyes. An X-ray of the chest showed 
enlargement of the tracheobronchial lymph 
nodes, which were considered tuberculous. 
A Pirquet done in 1928, two years later, was 
markedly positive, and an X-ray showed a 
fibrotic hilum shadow with calcification. 
The child’s general condition remained good. 
The tuberculosis associated with erythema 
nodosum and phlyctenular conjunctivitis is 
usually mild.—Erythema Nodosum and 
Phlyctenular Conjunctivitis in a Case of 
Hilus Gland Tuberculosis, A. Tow, Arch. 
Pediat., November, 1928, xlv, 687.—(P. J. W.) 


Absurdity of Open-Air Treatment.— 
The beneficial effects of open-air treatment 
of phthisis and certain other diseases is 
admitted. The curative effects of this 
therapy are not due to the fresh air, per se, 
but to the ultraviolet rays. The discovery 
of glass which permits the passage of these 
rays is a step forward in therapeutics and 
with improvement in this product soon all 
sanatoria will use this kind of glass exclu- 
sively.— The Absurdity of Open-Air Treat- 
ment: a Note on the A pplication of Ultraviolet 
Rays in the Treatment of Tuberculosis and 
Other Diseases, D. C. L. Fitzwilliams, Brit. 
J. Tuberc., January 1929, xxiii, 12.— 
(B. T. McM.) 


Relation of Sanatorium and Dispen- 
sary.—From the point of view of education 
of tuberculous patients, and indirectly the 
public, the tuberculosis dispensary and the 
sanatorium should not be isolated from one 
another. In the sanatorium much attention 
is given to teaching patients safety habits 
in respect of disposal of sputum and also 
telling them about what we may group 
together as environmental and personal 
factors affecting resistance. The object of 
the dispensary is early diagnosis and to see 
that the teaching of the sanatorium is put 
into practice and kept alive after the patients 
return home.—Prevention of Tuberculosis. 
The Education of the Public, W. Brand, 
Tubercle, April, 1929, x, 305.—(W. I. W.) 


Withdrawal of Alimentary Assistance 
at Brussels Dispensaries.—The progres- 
sive diminution of the subsidies granted by 
the State for the use of antituberculosis 
dispensaries has obliged the latter to check, 
and finally almost to withdraw, the ali- 
mentary assistance formerly given to pa- 
tientsasa matter ofcourse. It is of practical 
interest to investigate what the resulting 
influence has been on the frequency of dis- 
pensary visits and on their functioning. 
The question of whether medical consulta- 
tions should be supplemented by distribution 
of relief has often been discussed. The 


Directing Committee of the Ligue Nationale 
Belge contre la Tuberculose and the dispen- 
sary directors have in principle always been 
partial to such “assistance.” Falloise, 
Secretary-General of the Committee, re- 
garded such relief an essential to effective 
functioning. ‘The problem has been studied 
by gathering the figures relating to the 
clientele of the dispensaries under the Bra- 
bant section, that is, 3 urban dispensaries 
at Brussels, the- suburban dispensary at 
Boitsfort, and the 3 regional dispensaries at 
Braire-l’Alleud, Court-St. Etienne and Vil- 
vorde. In the first place, it must be re- 
marked that private donations continue 
unabated and the Brabant Committee 
benefits to the extent of nearly 50,000 francs 
by uncounted forms of assistance. How- 
ever, the total resources of the dispensaries 
have fallen from 680,000 francs in 1921 to 
274,000 francs in 1927, about two-fifths of 
the original figure. The State has reduced 
its subsidy to one-third of the original and 
the province has reduced its subsidy very 
considerably, while the purchasing power of 
the franc has not increased. The restric- 
tion of alimentary relief has been progressive. 
At first, in 1926, it was limited to relief for 
the frankly tuberculous and not given to 
debilitated or pretuberculous children. Then 
relief to the noncontagious (closed) cases of 
tuberculosis was cut down, and finally, early 
in 1927, limited entirely to those with open 
lesions. What have been the results? 
Graphs are given showing the annual popu- 
lation of the dispensaries of Brussels and 
environs since the creation of the Brabant 
committee in 1902. From 1922 to 1926, 
despite the progressive reductions in the 
relief grants, the clientele increased from 
3,575 to 4,280. During this period the 
Brabant committee made intensive efforts 
to maintain efficient service, by understand- 
ings with other agencies, by special services 
to the trade guilds, the hospitals, and by 
propaganda through the cinema and tracts, 
and generalization of fluoroscopic exami- 
nation. These efforts were stimulated by 
the previous marked diminution in number 
of patients between 1918 and 1922. The 
number of cases detected and recorded 
continued to decrease steadily from 1922 to 
1926. In spite of this, it is concluded that 
from 1922 to 1926 the reduction of alimen- 
tary assistance has not had a baneful effect 
on dispensary function. This cannot be said 
of the more recent and radical reduction 
initiated in 1927. Following it the total 
dispensary population dropped from 4,281 
to 3,775 in one year. Actually the state of 
affairs is still more unfavorable than the 
figures show, for the falling off is especially 
noted in the occasional consultation cases 
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who rarely visit physicians. The number 
of patients effectively examined fell from 
2,717 in July to 1,718 in August. Thus the 
dispensaries have lost about one-third of 
their population. The desertion was particu- 
larly marked in the infantile clientele, com- 
posed of the debilitated rather than frankly 
tuberculous, which dropped from 1,052 in 
January, 1927 to 397 in December. It is 
also among the infants that the number of 
new cases seen has strikingly fallen off. 
Conclusions: The strict economy imposed on 
the dispensaries in the matter of alimentary 
assistance has had the baneful repercussion 
which might have been foreseen,—a diminu- 
tion in the number of patients. It is true 
that the evil has been less than was feared, 
thanks to maintenance of the assistance for 
contagious patients and to the smoothly 
working organization of the dispensaries. 
If new economies should be necessary, how- 
ever, gradual rather than abrupt reductions 
should be brought about.—L’influence de la 
suppression de Vassistance alimentaire sur la 
fréquentation des dispensaires de l’aggloméra- 
tion bruxelloise, E. Olbrechts, Rev. Belge d. 1. 
Tuberc., March-April, 1928, xix, 79.— 
(A. P.) 


Altro Work Shops.—Fifteen years ago 
tuberculous sanatorium patients were ad- 
vised that they could return to work after 
six months; now a year is regarded as 
merely preparatory training, with two to 
five years required fora cure. To lengthen 
the patient’s stay to this extent is unwise 
and complicates the problems of rehabilita- 
tion; in fact, it is often difficult enough to 
induce patients to remain nine months. 
But can the returned tuberculosis patient 
be made self-supporting and economically 
useful? Many factors enter into the prob- 
lem. Fortunately a large percentage of ex- 
patients make their own adjustments. 
Those that can place themselves really do 
best; they usually secure higher wages than 
the placement workers or committees, and 
this helps greatly. Among those who can- 
not place themselves, many were unequal to 
normal competition before developing tuber- 
culosis. Still others are untrained, and are 
illiterate unskilled workers who require both 
trade training and physical rehabilitation. 
Ex-Patients of Part Time or Uncertain Work 
Capacity: Many such either stay at home 
or are forced to enter institutions. There 
is a breakdown in morale or perhaps exagger- 
ated fear of relapse. Part-time jobs in 
industry are rare and difficult to secure, 
while light outdoor jobs are either myths or 
entail most scanty pay. Organization of 
the Altro Work Shops: These were started in 
June, 1915, to meet the need of graduated 


work for ex-patients living in New York 
City. The doctor is boss regarding hours 
of work. The family is assured of the 
necessary minimum income, made up of 
cash earnings, together with a check for 
subsidy when required. Pay is on the task 
basis and never less than the prevailing 
union wage. At first patients do not pro- 
duce over one-quarter to two-thirds as 
much as well workers in the same time. 
During the first year after sanatorium treat- 
ment much effort is required to turn out 
half the normal capacity. However, as 
soon as a patient can produce acceptable 
work he is paid the union rate for it. The 
factory nurse supervises the patient at work 
and at rest and is the welfare worker of the 
establishment. The Altro Shop is well 
located in respect to light and air. The 
making of washable garments for hospitals 
and hotels is its main industry. At first 
only quiescent, negative-sputum cases were 
accepted, then somewhat more advanced 
cases, and, as a study made during the war 
showed 50 per cent of positive sputa among 
patients discharged from a large sanatorium, 
an annex factory was established in 1918 
for this class. A year later the two were 
merged. Approximately 20 per cent of 
patients employed require permanently 
sheltered conditions of work, this proportion 
being kept down by limitation. The output 
of the shop is sold on value, not sentiment, to 
hospitals, institutions, nurses, hotels and 
housewives. Earnings and Results: During 
1927 approximately 92 patients received 
earnings of over $80,300 and additional 
subsidies of $30,500. The value of sales 
from the year’s output was over $230,000. 
This is not only encouraging to discharged 
sanatorium patients, but also to large busi- 
ness organizations having to deal with the 
tuberculosis problem among their employees. 
The Standard Oil Company, the New York 
Telephone Company, and the Metropolitan 
Life Insurance Company have led the way 
in taking back employees returned from 
sanatoria and, under medical supervision, 
providing carefully graduated work, and 
others will doubtless follow—The Story of 
the Altro Work Shops, E. Hochhauser, New 
7 y . M., November 8, 1928, cxcix, 915. 
—(A. P. 


Tuberculosis Placement Work in 
Boston.—For the consumptive wage-earner, 
the most important factor in maintaining 
health after discharge from the sanatorium 
is economic security and ability to provide 
for himself and family. The modern 
methods of sanatorium treatment, with 
prolonged rest and idleness, are apt to be 
somewhat demoralizing to his character and 
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subsequent usefulness unless properly sup- 
plemented. The placement worker must 
first be thoroughly familiar with the patient’s 
physical condition, obtained from the physi- 
cian or sanatorium, and must be informed of 
his physical capacities and limitations. A 
knowledge of the patient’s social condition, 
his needs, and his previous industrial his- 
tory is also required. Furthermore, such a 
worker must know the industrial resources 
of the community and be familiar with 
various occupational conditions and hazards, 
and must enlighten employers and show 
them the community service rendered by 
giving suitable employment. In many 
quarters there is still hesitancy and fear of 
employing the tuberculous, some of which 
may be due to exaggeration of the danger of 
contact infection by our own propaganda. 
The Placement Bureau of the Boston 
Tuberculosis Association was created in 
1923 under the leadership and stimulus of 
Dr. Hawes, and Mrs. Anna Wright was 
assigned to the work. In 1924 there were 
120 applicants referred from various sources 
and in 1926 there were 343. At present two 
workers give full time to this service. One 
principal difficulty was in getting a detailed 
report or statement of the patient’s physical 
condition, as in many instances he had not 
been examined in some months. After 
placing, periodic check-up examinations 
were instituted, and a clinic was established 
under Dr. Millet to carry out these as well 
as initial examinations of all applicants.— 
The Work of the Placement Committee of the 
Boston Tuberculosis Association, H. Linen- 
thal, New England J. M., November 8, 1928, 
cxcix, 926.—(A. P.) 


Central New England Industrial 
Colony.—The term “industrial colony” is 
here defined as a group of subsidized pro- 
ductive occupations, sufficiently numerous 
and varied to afford congenial and healthful 
employment to workers of a wide range of 
competency, who require continued hygienic 
living and will accept the medical and 
hygienic regulations and conditions pro- 
vided. The industrial colony now operated 
in Rutland, Massachusetts, in connection 
with the Central New England Sanatorium, 
Inc., is described. The institution has 
taken over four contiguous farms totalling 
almost 600 acres, with an approximate 
altitude of 1,200 feet, and a gentle slope to 
the South suitable for extensive buildings. 
The main building is within 1,000 feet of a 
railroad station. There are public water 
supplies and electrical transmission lines, 
and the institution is located in a town 
where over 1,000 persons are constantly 
under treatment for tuberculosis in govern- 


ment or private institutions, which town 
is only 12 miles from New England’s third 
largest industrial city, Worcester. Plans 
have been made for 250 residential colo- 
nists with or without families, in dor- 
mitories, cottages or homesteads. About 
half the total tract, mostly on the northern 
slope, is woodland. Industrial shops have 
been planned, also a central power-house, 
storehouse and garage. The industrial 
superintendents and personnel will be housed 
in buildings arranged about a quadrangle 
headed by a central administration building 
and assembly hall. All traffic will pass 
through one main artery under control of a 
ground superintendent at a main gate. 
Another group will be an attractive colony 
of 16 cottages for private patients close to a 
private infirmary. At present about one- 
half million dollars are invested and the 
complete colony will require two million. 
At present there are 12 buildings and 80 
patients, who, while for the most part simply 
following sanatorium treatment, present a 
problem as to after-care. The per capita 
cost of subsistence for working patients 
is now $19.14 a week, even though they are 
incompletely occupied. Most of the work- 
ers are absorbed in activities common to all 
sanatoria. The chief separate undertaking 
is a wood-working shop. The total number 
of working patients is 36 (25 male and 11 
female) of whom one-third had received 
treatment at the institution. Lists of occu- 
pations are itemized. Reasons for Indus- 
trial Colonies: 1: The average home finds 
it a hardship to supply the necessary hy- 
gienic elements. 2: Most commercial in- 
dustries are located with little or no regard 
for physical and climatic advantages. 3: 
Many occupations are unsuitable for ex- 
atients because of confinement, crowding, 
irritant dust, overheating, lack of fresh air, 
etc. 4: In many cases an unfortunate 
separation from the family is obviated. 5: 
Opportunities for liberating productive 
ability are offered. 6: Children already ex- 
tensively exposed to infection may be 
watched and supervised. (Parents with still 
~— sputa may not live with the family.) 
: Under ordinary conditions the patient’s 
anxiety to better his economic condition and 
that of his family readily leads him to under- 
take too much; on the other hand, over- 
apprehensive individuals go ahead too 
slowly. The subtle, insidious character of 
tuberculosis easily deceives the patient as to 
his ability to work in the absence of frequent 
expert supervision and examination. 
Drolet, basing his opinion on an analysis of 
96,000 patients in tuberculosis institutions 
in 1925, believes most sanatoria are making 
too few progressive improvements in policy 
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and are too self-satisfied. Little progress 
has been made in overcoming the disad- 
vantages of the usual too-short stay. Most 
patients now working at Rutland left other 
institutions because the routine became irk- 
some. 9: Many patients leave sanatoria 
without an'y adequate functional test. The 
industrial colony is the soundest means of 
meeting this problem. J/0: Organized labor 
is generally unfavorable to part-time em- 
ployment in industry and the workmen’s 
compensation laws of Massachusetts are 
hostile to subsidizing persons incapacitated 
with tuberculosis. Certain states, as 
Wisconsin, it is true, take a different view. 
Relations of Industrial Colonies to Vocational 
Rehabilitation: Massachusetts in 1921 util- 
ized the provisions of an Act of Congress and 
established a State Board for Vocational 
Education to establish, maintain and assist 
suitable courses. Inmates of state institu- 
‘tions are ineligible, and altogether the 
number of disabled tuberculous who use this 
service is small, for various reasons. Experi- 
ences with the Rutland Colony: Breakdowns 
have been only slightly more numerous than 
among comparable individuals at rest and 
the patients have generally been contented. 
Not over 5 per cent have been prepared to 
contribute financially toward maintenance 
when their work failed to pay their way. 
Fully half have presented problems due to 
lack of experience, incorrigibility, or strange 
social conceptions, yet many of these have 
been solved so far as to surprise those in 
touch with them. There is a frequently 
recurring mental attitude or rebellious emo- 
tional reaction against their lot which can- 
not be disregarded. The patients in the 
woodworking shop earned a per capita 
average of $20.59 per week, working a little 
over six hours per day, and the average per 
capita deficient was $23.19 per week. The 
average weekly earnings for males employed 
in Massachusetts industries in 1928 was 
$29.04, and for females $16.25. The aver- 
age per capita cost of weekly maintenance in 
198 United States institutions in 1925, 
representing 32,073 beds, was $21.60. How- 
ever, the funds accruing to the use of the 
patient and his family must be considered to 
partly offset the deficit, which in time will 
doubtless be reduced. If all occupations 
including subsistence deficits for the in- 
stitution are averaged, the net weekly per 
capita deficit is reduced to $12.24.— 
The Place of the Industrial Colony in Getting 
the Consumptive Back on the Job, B. T. 
Crane, New England J. M., November 8, 
1928, cxcix, 918.—(A. P.) 


Surgical Treatment of Pulmonary 
Tuberculosis.—Archibald began this work 


in 1912 and has had under his care a total of 
154 patients, all but two operated on since 
August, 1914. With few exceptions these 
have been followed up to within a few 
months and closely observed, intimate de- 
tails of their histories being available. 
Although at the beginning one-stage opera- 
tions were not uncommon, Archibald never 
operated in less than two stages, and some- 
times three or more are advisable. He 
always combines general with local anaesthe- 
sia, using gas and oxygen, with morphia 
before and after operation. The usual type 
of case suitable for operation is the chronic, 
chiefly unilateral, fibrotic and ulcerative, 
without complications or any active process 
in the good lung. There should be a fund of 
resistance, as indicated by fibrosis. In 
addition, there is ordinarily some broncho- 
pneumonic infiltration, either held im statu 
quo or undergoing cavitation or fibrous 
transformation. Pneumothorax has usually 
been attempted but found impossible or 
inadequate. Marked retractions of organs 
and narrowing of the intercostal spaces are 
commonly observed. One hopes for a clean 
slate on the good side but rarely finds it. 
Provided, however, that the lesions there are 
old, definitely quiescent, not extensive, and 
preferably not in the lower lobe, they do not 
contraindicate operation. There should, 
of course, be no serious lesion of other im- 
portant organs, but chronic tuberculous 
laryngitis and enteritis are not of necessity 
contraindications if there is good resistance. 
The proper selection of cases belongs largely 
to the qualified internist and requires pro- 
longed observation, careful consideration, 
and expert physical diagnosis and roent- 
genographic interpretation. The “good 
chronics,” unilateral. or chiefly unilateral, 
usually with cavities, are for long periods 
afebrile, without material increase in pulse- 
rate. Nevertheless, they are open cases and 
potentially a menace to the community, as 
well as being exposed to serious dangers of 
relapse. Under ordinary conditions they 
must spend the rest of their days as invalids 
in sanatoria or at home. Despite the cheery 
optimistic literature freely provided, they 
are apt to get hold in the follow-up section of 
annual sanatorium reports of disquieting 
figures and the spes phthisica is hard put to 
it. The patient wonders if nothing more can 
be done, and indeed the experience of the 
past ten years does not reveal that physicians 
are as alive as they should be to the possi- 
bilities of surgery. In the “good chronics” 
the balance is all in favor of operation. 
Later on it may not be so favorable. I: 
“Good Chronic” Cases: These number 31 of 
the series, of which two died, one of typhoid 
fever. Of 21 operated on over eighteen 


30 THE AMERICAN REVIEW OF TUBERCULOSIS 


months ago, 10 are practically cured and all 
the rest distinctly improved. 2: “Slipping 
Chronic” Cases: The lesions are similar but 
more extensive; there is intermittent sub- 
febrile temperature and the pulse-rate is 
10 or 20 beats above normal. There may be 
bouts of fever lasting several weeks or mild 
pleuritic attacks. The sense of well-being is 
lost; cavities are increasing or other lesions 
spreading slowly. There may have been a 
“flare-up,” with a small “snowstorm” run- 
ning out from the hilum, perhaps largely 
cleared up under six months’ bed rest, or a 
sharp allergic exudate around old foci. The 
clinician knows the darkened prognosis and 
may suggest pneumothorax, which may 
bring the patient up into the “good chronic” 
group. If not, nevertheless operation is to 
be advised. Of 41 such cases, 9 (22 per 
cent) are dead, 5 of these from operation, 
the others from progress of the disease. 
Nine (22 per cent) are practically cured, the 
others more or less improved. 3: “Bad 
Chronic” Cases: These show steadily ad- 
vancing disease limited fairly well to one 
lung. There is increasing cavitation, with 
purulent sputum and fever well over 100°F. 
for months, with elevated pulse, poor color, 
and loss of weight. Gradual disintegration 
of the bad lung is occurring, with occasional 
invasion of new areas and failing resistance. 
Still operation is advisable, in view of the 
fact that a few do very well, while most 
obtain a worth-while improvement. Of 24 
such, 14 died, 6 were markedly improved, 
2 were practically cured, and 2 are pursuing 
an unfavorable course unchanged. Six of 
those who died succumbed directly or in- 
directly to the operation, the interval being 
from two days to four months. All would 
most certainly have died without operation. 
4: Marked Unilateral Cavitation with Fibro- 
sis: These patients are chronics of very long 
standing and we can assume the presence of 
myocarditis. They suffer from dyspnoea and 
the pulse is elevated, the temperature sub- 
febrile. Sputum is profuse, cough distress- 
ing. Of 5 such operated on, 3 died within 
two weeks and the other two within a year. 
Thus surgery appears inadvisable in the 
presence of huge cavitation. 5: Limited 
“Apical” Disease: The lesion in these may 
extend to the second or third interspace, is 
well defined and encloses a fairly large cavity. 
Sauerbruch in such cases advocates a pre- 
liminary pneumothorax, after which he re- 
sects the ribs over the upper half and then 
allows the lower lung to reéxpand. Archi- 
bald obtained one excellent result by such a 
arpa 6: Lower-Lobe Disease: Archi- 

ald has had one case of marked improve- 
ment by phrenicotomy but expects to have 
to resect the lower ribs later. 7: Cases 


of Bilateral Disease: A: With Preceding 
Invasions of Good Lung (within a year or 
two): A detailed history and a good series 
of X-ray films is necessary. The latter 
should not be relied on exclusively, since 
very ugly looking “snowstorms” may clear 
up amazingly and a clinical estimate of the 
course of the disease and the resistance is 
important. Archibald prefers to wait six 
months because the strain of operation is 
liable to provoke to fresh activity recent 
lesions while old stuff can stand it. He 
begins with a test phrenicotomy. There 
were 16 such, in 5 of whom operation was 
postponed two to eight months; two of 
these recovered from flare-ups and are well. 
Of the remaining 11, three died, all within 
a few weeks, 3 struggled through flare-ups 
and are doing well, 2 survived acute in- 
vasions but are worse, 3 came through 
well but one of these later died of haemor- 
rhage. B: With Areas of Activity in the 
Good Lung: These should not be operated 
on, save exceptionally when the suspected 
area is very limited, in which case a test 
phrenicotomy may be tried. Of 4 such, 
the course in 2 forbade operation, one is 
waiting, and one was operated on and died 
of acute invasion of the good lung. The 
risk is great. 8: Cases of Previously In- 
duced Pneumothorax: When the disease is 
of the early exudative form, if the pneumo- 
thorax is total or subtotal, and there are no 
uncollapsed cavities, it should be sufficient, 
but if the disease was chronic, with cavita- 
tion, Archibald fears rupture of the cavity, 
especially if it remains uncompressed, and 
advises thoracoplasty. When band-like ad- 
hesions draw out cavities this danger is 
imminent. Adhesions not attached to cavi- 
ties should be liberated, preferably by open 
incision. 9: Persistent Pleural Exudates: 
Probably all these are tuberculous, and often 
a transition from a clear to a turbid fluid 
and to frank pus can be observed. Total 
thoracoplasty is advised in such cases, pre- 
ferably before the empyema stage is reached. 
Of 7 such cases operated on, 4 are practically 
cured and none died. Likewise total thora- 
coplasty is advised in mixed-infection em- 
pyema; of 4 such operated on, 2 are well, 
one with a bronchial fistula, and 2 need 
further resections. Septic empyema is the 
most desperate problem. Of 13 reported on, 
8 are dead; 7 of these were treated only by 
drainage, as a last resort. One of the others 
is well after extrapleural thoracoplasty, and 
3 improved, but two still under treatment. 
Preliminary drainage is advised, to be fol- 
lowed by thoracoplasty if they improve 
sufficiently. The paper was discussed by 
Lord Whittemore, Churchill and others.— 
The Selection of Cases of Pulmonary Tuber- 
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culosis for Surgical Intervention, E. W. 
Archibald, New England J. M., November 
22, 1928, cxcix, 1025.—(A. P.) 


Thoracic Surgery.—Surgery can afford 
the most dramatic assistance to the phy- 
sician in disease of the lungs, bronchi, 
mediastinum and pleura in cases otherwise 
grave or even hopeless. Efficient and ade- 
quately codrdinated team-work between 
physician and surgeon is very essential, but 
the physician should in the end be the pre- 
dominant partner. The radiologist, bac- 
teriologist, haematologist, biochemist and 
anaesthetist play important réles in the 
performance of successful surgery in chest 
diseases, and nursing care is a vital factor in 
these cases. Carson, in 1820, foresaw the 
benefit likely to result from collapse of the 
diseased lung by pneumothorax. Adhesions 
at the site of incision caused failure of both 
his attempts to carry out this procedure. 
Cayley, in 1885, had an open pneumothorax 
induced by Gould to try to arrest severe 
haemoptysis. Cavities were drained in 
England as long ago as 1844 by Hastings and 
Storks. Lawson removed diseased portions 
of a tuberculous lung in 1893 and Macewen 
in 1895 removed the left lung for advanced 
tuberculosis and the patient was alive 18 
years afterwards. Modern developments 
date from the last few years of the nine- 
teenth century. They have been rendered 
possible by: J: A more accurate apprecia- 
tion of the mechanics of respiration, in- 
cluding the intrapleural and intrapulmonary 
pressures, and of the part played by the 
mediastinum in thoracic physics. 2: Im- 
proved methods of diagnosis, radiological, 
bronchoscopic, thoracoscopic and labora- 
tory. 3: Modern developments in anaes- 
thesia, both local, regional and general. 
4: Rigorous selection of cases and careful 
preparation. 5: Improvements in technique, 
resulting in saving of time and avoidance of 
shock, with careful nursing, dressing and 
after treatment. The chief ways in which 
surgery can aid in disease or damage of the 
structures of the chest are: J: By securing 
rest of the part involved. 2: By evacuating 
abnormal exudate at the right time and in 
the most effective manner. 3: By remov- 
ing foreign bodies. 4: By collapsing cavi- 
ties. 5: By excision or extirpation of 
growths or cysts. 6: By the removal of 
diseased or damaged lung tissue which is 
beyond hope of repair, if it is sufficiently 
localized. 7: By decompression, when in- 
trathoracic pressure reactions are disturbed. 
8: By exploratory thoracotomy in obscure 
lung conditions. The chief measures de- 
signed to these ends may be enumerated as 
follows: 1: Those designed to produce col- 


lapse or compression of diseased lung tissue: 
(a) artificial pneumothorax, (b) cutting ad- 
hesions, (c) thoracoplasty, especially the 
posterior paravertebral operation of Sauer- 
bruch, (d) extrapleural pneumolysis, and 
(e) phrenic paralysis. 2: Evacuation of 
intrapulmonary exudates by bronchoscopic 
washing, by a two-stage thoracotomy and 
pleurotomy. 3: Removal of foreign bodies 
through the bronchoscope or by thoracot- 
omy. 4: Removal of new growths of the 
bronchi of simple character through the 
bronchoscope and of others, if operable, by 
lobecotomy. Growths in the mediastinum 
may be dealt with either by a transpleural 
route after a preliminary pneumothorax or 
by a direct thoracotomy. 5: Removal of 
diseased or damaged lung tissue by lobect- 
omy. 6: Measures to secure decompres- 
sion or relief of increased intrathoracic 
pressure, such as withdrawal of fluid or air 
by paracentesis and removal of ribs or 
cartilages, as in Brauer’s operation of cardio- 
lysis for adherent pericardium. Lecture 
IT: Some of the most striking applications 
of surgery in diseases of the chest have 
occurred in connection with pulmonary 
tuberculosis. After an historical review of 
pneumothorax and thoracoplasty, indica- 
tions for collapse therapy are set down 
briefly as follows: 1: The more or less 
extensive disease of slowly progressive type 
and chronic course, in which X-ray shows 
little damage to the opposite lung. Thoraco- 
plasty should be considered only if there is 
definite evidence of some natural tendency 
toward arrest, and if pneumothorax has 
failed. 2: For repeated haemoptysis, or 
as an emergency. Thoracoplasty should be 
considered only in severe recurrent haemop- 
tysis when pneumothorax and phrenic 
evulsion have failed. 3: In cases of partial 
arrest with persistent positive sputum and 
inability of the patient to return to work. 
4: In predominantly basal lesions in which 
phrenic evulsion has failed. 5: In spon- 
taneous pneumothorax with subsequent 
empyema. Here thoracoplasty is required. 
6: In progressive unilateral disease, in the 
presence of fairly extensive more or less 
stationary disease of the other lung. The 
general use of collapse therapy in acute 
caseous or pneumonic tuberculosis is to be 
deprecated. Contraindications may be due 
to (1) the character and extent of the disease, 
and (2) the general condition and tempera- 
ment of the patient. In the first group may 
be listed (a) extensive disease of the contra- 
lateral lung, (b) severe tuberculous enteritis, 
(c) laryngeal tuberculosis of the miliary type, 
and (d) severe renal tuberculosis. In the 
second group are patients with (a) poor 
physique and marked dyspnoea and greatly 
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reduced vital capacity, (b) marked cardio- 
vascular debility, (c) severe visceroptosis, 
and (d) other disease, such as chronic 
nephritis or asthma. Cases over 60 years of 
age are not likely to have a successful collapse 
by artificial pneumothorax, and few patients 
over 45 are suitable for thoracoplasty. 
Paravertebral thoracoplasty is preferably 
done in two stages, with removal of a total 
length of 100-180 cm. of rib. Most surgeons 
resect the lower ribs first. At least a small 
section of the first rib must be removed, 
since this is the peg on which the others 
hang. ‘The preference in England is for gas 
and oxygen supplemented by local anaesthe- 
sia. Sauerbruch employs local anaesthesia 
if the amount of sputum in 24 hours is more 
than 30 cc. The immediate operative risk 
has been reduced in expert hands from 10 to 
5 per cent or less. Of 1,159 cases analyzed 
by Alexander cures were claimed in 36.8 
per cent, while 24.4 per cent were improved 
and 36.8 per cent became worse or died. 
It is usually stated that pneumothorax fails 
in 30 to 40 per cent of the cases in which it 
is attempted. Gravesen found that when 
complete collapse was obtained 70.2 per 
cent were able to return to work, while in 
those with localized lesions only 11 per cent 
were able to do so. To increase the degree 


of collapse with adhesions these methods 


are used: (1) stretching them by increased 
pressure, (2) cutting them after the method 
of Jacobaeus (intrapleural pneumolysis), 
(3) extrapleural pneumolysis, and (4) paral- 
ysis of the diaphragm. The latter pro- 
cedure was first proposed by Sturtz in 1911. 
Felix, after investigating the anatomy of the 
phrenic nerve, first carried out the operation 
of evulsion at the suggestion of Thiersch. 
This operation has proved of value in some 
cases of basal tuberculosis, also in extensive 
unilateral disease, and occasionally as a 
supplement in incomplete pneumothorax. 
It is useful when the lung fails to reéxpand 
after artificial pneumothorax is terminated. 
Sauerbruch carries it out before thoraco- 
plasty to test the capacity of the sound 
lung. Abscess and Gangrene: The classifi- 
cation of these conditions, which in many 
cases appear to be only degrees and varieties 
of the same infectious process, may be given 
as follows: (1) cases originating within the 
bronchi, usually from aspiration of infected 
material; (2) those of parenchymatous 
origin, following pneumonia; (3) thosexof 
embolic origin; (4) those from involvement of 
the lung owing to the spread of suppuration 
from adjacent disease; and (5) those from 
perforating chest wounds and injury to the 
lung. Bronchoscopic lavage furnishes a 
good method of treatment, especially in 
aspiration cases. Operation should be 


avoided during the acute stage of an abscess 
before it has become encapsulated. The 
ratio of spontaneous cases is given by various 
observers as from 11 to 59 percent. In sub- 
acute or chronic cases a two-stage operation 
may be necessary, the first to produce 
pleural adhesions and the second to drain the 
abscess. Artificial pneumothorax would ap- 
pear to be suitable only for deep seated 
abscesses. Bronchiectasis: The chief surgi- 
cal methods which have been suggested in 
the treatment of this condition are: /: 
Draining the cavity by pneumotomy, suit- 
able only when there is a single large cavity. 
2: Ligature of the branch of the pulmonary 
artery to the affected lobe; this has proved of 
little value. 3: Phrenic evulsion, which has 
been helpful in some cases. 4: Thoraco- 
plasty, the results of which are less satisfying 
than in tuberculosis, since the dilated tubes 
are not likely to empty and collapse. 5: 
Lobectomy, not to be recommended lightly 
because of a mortality of about 50 per cent.— 
A Medical Review of the Surgery of the Chest, 
R. A. Young, Lectures I and II, Lancet, 
March 23 and April 6, 1929, ccxvi, 593 and 
677.—(E. H. K.) 


Thoracie Surgery.—The indications for 
surgical interference in pulmonary tuber- 
culosis are presented in the usual way. It 
is emphasized that exudative types of lesions 
are not suitable for collapse therapy, but 
that they may become so after conservative 
treatment has resulted in some fibrotic reac- 
tion. It is further stated that surgical 
interference should be considered only after 
conservative treatment has failed to produce 
results. The first surgical attempts in pul- 
monary tuberculosis were those of Tuffier, 
who tried to drain cavities. He saved only 
one out of 27 cases, while Runeberg, who 
operated on 19 cases, lost all his patients. 
Tuffier and Lawson extirpated well-defined 
fresh tuberculous foci and entire lobes. 
The results were not encouraging. Quincke 
and C. Spengler performed local thoraco- 
plasties, and Friedrich, following a suggestion 
of Brauer, removed the entire bony cage of 
one side. This procedure included two 
points of great danger, namely, the severity 
of the operation and, second, the causation 
of mediastinal flutter in cases with nonrigid 
mediastinum. Respiratory and circulatory 
disturbances frequently prevented good 
results. The well-known operative proce- 
dures of Sauerbruch and Wilms decreased 
definitely those dangers. Brauer and Harras 
suggested the resection of the first and second 
ribs and of the clavicle in isolated foci of the 
apical field. The method of choice at the 
present time is the extrapleural thoraco- 
plasty according to Sauerbruch-Brauer. In 
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a few cases extrapleural apicolysis (Schlange, 
Friedrich) and filling with paraffin (Baer) 
may be done in preference to thoracoplasty. 
These operations are only indicated when the 
disease is limited to one upper lobe. Aspira- 
tion of bacilliferous sputum into the lower 
lobe may be prevented by phrenicotomy. 
Very large and stiff-walled cavities, or 
cavities which are surrounded by densely 
infiltrated pulmonary tissue and cavities 
near the mediastinum are usually not com- 
pressed by an extrapleural thoracoplasty. 
In these cases additional local operations 
may be necessary. In very resistant cases, 
Sauerbruch recommends pneumolysis and 
compression of the lung by packing with 
gauze. Adhesions which prevent collapse 
in pneumothorax treatment may be severed 
either by Jacobaeus’ cauterization or by the 
open method according to Jessen. In the 
latter case one or two ribs are removed and 
the adhesions are ligated and cut. Phrenico- 
tomy and phrenicoexairesis are not recom- 
mended as independent operations. Tuber- 
culous empyemata should never be opened; 
pus should be removed by puncture and 
replaced by air. In cases of mixed infection 
irrigation with dyes, lugol’s solution, rivanol, 
or Pregl’s iodine solution are indicated. 
Such cases may, however, require extra- 
pleural thoracoplasty in order to obliterate 
the cavity. .For the treatment of bron- 
chiectasis, lobar resections have been recom- 
mended. The procedure is dangerous and 
can only be done if the process is strictly 
localized to one lobe. Larger cavities, ab- 
scesses or gangrene must be treated by 
pneumonotomy. The various methods of 
compression therapy are usually not very 
successful.— Entwicklung und Fortschriite in 
der Thoraxchirurgie, W. Denk, Wien. klin. 
Wchnschr., December 6, 1928, xlix, 1673.— 
(M. P.) 


Phrenicectomy in Pulmonary Tuber- 


culosis.—The phthisiologist is still too . 


often a disarmed man. A simple, relatively 
riskless procedure, ought to be worthy of 
trial in cases where, finding himself without 
resources, both he and the patient are 
agreed that something should be done. 
There are authors, such as Alexander, who 
recommend phrenicectomy in all cases of 
beginning tuberculosis where pneumothorax 
would be indicated, in preference to the 
latter. Alexander includes among the in- 
dications (1) Acute febrile forms, even 
though progressive and bilateral, when 
neither pneumothorax nor thoracoplasty is 
feasible, and (2) cases in which pneumo- 
thorax and thoracoplasty are not contra- 
indicated but the prolongation of treatment 
incident to the first and the dangers of the 


second are to be avoided. Goetz advises 
phrenicectomy prior to every pneumothorax. 
The modifications brought about by phre- 
nicectomy are as follows: /: Relative im- 
mobilization of the lung. 2: Reduction in 
volume. 3: Reduction in blood and lymph 
circulation. 4: Modification in innervation 
through the section of sympathetic filaments. 
The first three are conditioned by the ascent 
of the diaphragm, immediate and consider- 
able when pulmonary retractility is intact, 
slow and progressive when restricted by 
massive adhesions or alterations of the 
parenchyma, sometimes even nil. In the 
healthy lung, if the diaphragm is paralyzed, 
retractility is uniform, each lobe being 
reduced in the same proportion of its volume. 
Therefore, there is no reason to think that 
the base is selectively influenced. The 
results of phrenicectomy are not related to 
location of the lesion, but rather to its 
capacity for spontaneous retraction. Ad- 
hesions, even though thick, do not neces- 
sarily limit this retractile capacity. Ina 
certain measure, even, by favoring parietal 
immobilization and suppressing costal respi- 
ration, they may act synergically with 
diaphragmatic paralysis. Very marked dia- 
phragmatic ascents have been observed in 
cases of total symphysis with the diaphragm 
already immobilized and drawn upward. 
Thick interlobar bands, which would seem to 
interpose an obstacle, have been noted to 
rise parallel to the diaphragm. Operative 
risks are of little importance. Among in- 
cidents occurring subsequent to operation, 
usually in left-sided cases, are crises of 
palpitation and tachycardia, more marked at 
rest and after eating, also hemithoracic pains 
lasting several months, sometimes accom- 
panied by dyspnoea. The greatest danger, 
however, is of postoperative exacerbations 
in one lung or the other. These were noted 
in 8 out of 107 cases. In two of these there 
was a fatal termination. In both the disease 
was in active evolution when the operation 
was performed. It is deemed wiser, when 
possible, to delay the procedure until the 
patients are stabilized. Although lower-lobe 
lesions are almost always placed first in the 
list of indications apical lesions are quite as 
often favorably influenced, localization not 
being as important as potential retractility. 
The prime indication is a severe ulcerative 
lesion, stabilized or slightly active, with 
fibrosing and retractile tendency, when 
pneumothorax cannot be realized or has 
failed. Absolute unilaterality is not essen- 
tial. The ameliorations obtained from 
phrenicectomy as an isolated procedure, 
however, it must be admitted, are, in cases 
with any very considerable lesions, only 
temporary and symptomatic. There is 
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another category of patients, candidates for 
thoracoplasty, but with a tendency to 
bilateral involvement or in poor general 
condition, in whom phrenicectomy is the 
first step. Sauerbruch and Lange have 
dwelt on the advantages of phrenicectomy 
as a functional test of the other lung, but 
sometimes the test is itself harmful. There 
is, indeed, much advantage in preceding 
thoracoplasty by phrenicectomy, in order to 
reduce respiratory activity, preserve the 
lower lobe from bronchial emboli and to 
supplement a superior thoracoplasty. The- 
oretically resection of the upper eight ribs, 
combined with phrenicectomy, abolishes 
respiratory movement of the hemithorax, 
but the two procedures should be separated 
by a sufficient interval. Report of Results: 
Of 107 observations, there were 64 cases of 
isolated phrenicectomy, 40 not previously 
published. The results were estimated as 
follows: excellent 6 cases, quite good 15, 
mediocre 16, negative 19, bad 4, and un- 
known 4. This proportion of not quite 50 
per cent frankly positive results is about the 
same as reported by Goetz and Fischer. 
The anatomical result was marked in a 
quarter of the cases, slight in another quar- 
ter, and insignificant or nil in one-half. 
Of the 40 cases not previously published 24 
were stabilized and 16 active; 30 were cases 


in which pneumothorax was impossible, 9 
abandoned, and in 1 the pneumothorax was 
subsequently performed. Among the 15 
good results, 8 were in lesions of the right 
apex or middle part of the lung, and 5 of 


the left apex or middle part. Eight cases 
were previously stabilized, 7 slightly active. 
Association of Phrenicectomy and Pneumo- 
thorax: The former is indicated when the 
latter is insufficient or compromised by 
reéxpansion of the lower lobe which is the 
site of active lesions. When there is com- 
plete pneumothorax phrenicectomy is futile, 
and it may be harmful if there is any possi- 
bility of a pneumothorax on the other side 
as an eventuality. In some cases in which 
it is decided to terminate pneumothorax 
treatment a phrenicectomy should be per- 
formed, primarily when the lung is sclerosed, 
retracted and incapable of filling the pleural 
space. Phrenicectomy is also a_ useful 
adjuvant in closing the pleural space in 
cases of tuberculous empyema. Summary: 
1: Phrenicectomy finds its best indications 
in ulcerative lesions, inactive and localized, 
with a tendency to spontaneous retraction, 
and in such may be curative. 2: The 
results are not influenced by location of the 
lesion or existence of adhesions, very little 
by the side treated. The best results were 
in ulcerative apical lesions. 3: As an ad- 
juvant, the procedure is valuable (1) to 
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complete an unsatisfactory pneumothorax 
or one compromised by subsequent reéx- 
pansion of the lower lobe; (2) to improve the 
results of high or low thoracoplasty; (3) 
to supplement every extensive thoraco- 
plasty; and (4) to aid the surgical treatment 
of tuberculous empyema. 4: The results 
are more qualitative than quantitative but 
sometimes are quite unexpectedly remark- 
able.— Les résultats de la phrénicectomie dans 
le traitement de la Tuberculose pulmonaire, 
F. Dumarest and L. Bérard, Rev. d. |. 
Tuberc., April, 1928, ix, 161.—(A. P.) 


Phrenicectomy.—The author saw no 
appreciable mechanical, and, as the result of 
this, no significant therapeutic effect, of 
phrenicectomy in his cases. It is recom- 
mended. that the mechanical effect of arti- 
ficial paralysis of the diaphragm be rein- 
forced by compression of the lower-rib area 
with bandages. In earlier attempts the 
author used the Recklinghausen cuff, which 
was inflated, while later he used pillows filled 
with shavings and fitted to the patient’s 
body.—Uber die rationelle Ausniitzung der 
postoperativen Léhmung des Zwerchfelles bei 
der Phrenicusexairese, W. Einis, Zeitschr. f. 
Tuberk., 1928, 1, 326.—(H. J.C.) 


Prenicoexairesis with Deep Accessory 
Nerve.—A case is reported in which phrenic 
evulsion yielded a phrenic nerve, which had 
an accessory root, which united with the 
main trunk 2 cm. above the peripheral 
arborization. It is interesting to note that 
the accessory was removed in such a case. 
This is an argument in favor of exairesis 
versus radical phrenicotomy.—Phrenicusex- 
hairese bei tiefer Vereinigung von Haupt- 
und Nebennero unmittelbar tiber dem Zwerch- 
fell, E. Salomon, Klin. Wehnschr., February 
26, 1929, ix, 409.—(M. P.) 


Phrenicoexairesis for Apical Cavi- 
ties.—Phrenicoexairesis in the treatment of 
basal lesions of the lungs is a well established 
and recognized procedure, but in unilateral 
cases with apical cavities the efficacy of this 
measure is not so well known. The litera- 
ture on the subject is briefly reviewed. To 
explain the good results, Fornet’s theory, 
based on the work of Orso, is that apical 
movement depends on the diaphragm and 
therefore, after its paralysis, the first results 
are evidenced at the apex. The authors 
claim that the results are due to a simple 
cicatricial contraction permitted by the 
inactivity of the paralyzed diaphragm and 
taking place at both the apex and base. 
Among the 20 cases reported in this study 18 
had pulmonary tuberculosis with apical 
cavities. Of these 18 patients, 5 have been 
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completely cured; in all these 5 cases, the 
cavities, for the most part very voluminous 
and resisting other treatment for over a 
year, disappeared definitely in the course of 
8 to 12 months. With 9 patients operated 
on more recently an important amelioration 
of all symptoms is evident, but sufficient 
time has not elapsed to permit a definite 
conclusion on the results. Four patients 
remain unchanged; they had exceptionally 
voluminous cavities situated in the upper 
lobe and were adherent peripherally to the 
chest wall. In the 2 remaining cases there 
was an artificial pneumothorax complicated 
by effusion. The pleurisy appeared to be 
favorably influenced by the phrenicectomy. 
Conclusions: 1: In all the cases there was 
tuberculosis with cavitation, chronic, and 
with a tendency to fibrosis. In most of the 
patients this tendency to cicatrization had 
already shown itself before the operation by 
a partial retraction of the hemithorax, by a 
deviation more or less marked of the me- 
diastinum, and sometimes by a slight ascent 
of the diaphragm. This cicatricial tendency 
however was only partially satisfactory. It 
had not resulted in complete closure of the 
cavities; these cavities were patent or even 
increasing. This increased in spite of the 
tendency to fibrous contraction whose com- 
pleteness is prevented by the opposition 
of the thoracic wall, the mediastinum 
and the diaphragm. In overcoming the 
resistance of the diaphragm the fibrous 
encapsulation of the tuberculous lesions can 
be brought about in a complete and effectual 
manner. This scar-formation only de- 
veloped at the site of the lesions, and the 
healthy parts of the lung are not so affected. 
The greater the tendency to fibrosis the 
greater the retraction. In considering this 
mechanism it is not surprising that apical 
cavities may benefit most from phrenicect- 
omy; these cavities have a much greater 
tendency to close than basal cavities. The 
reason of this is a better drainage and be- 
cause of the relative immobility of the lung 
apex during respiration. And even with a 
paralyzed diaphragm, the upper parts of 
the lung breathe less amply than the lower, 
thus permitting tuberculous cavities to close 
more easily. 2: The clinical indications for 
phrenicectomy, as formulated up to the 
present time, must be modified and enlarged 
on a considerable scale. Basal lung lesions 
are not the essential and principle indications 
for phrenicectomy. This operation must be 
performed on a much larger scale on all 
forms of tuberculous cavities of the apex 
presenting a tendency to fibrous contraction. 
It is clear that this procedure must only be 
resorted to when the contralateral lesions 
are not too advanced or too extensive, and 


that for some reason or other artificial pneu- 
mothorax is impossible. The presence of 
pleural adhesions, even though extensive, is 
not a contraindication; several of the cases 
recorded in this communication had more or 
less extensive fusion of the pleura. This 
condition has not prevented complete cure of 
even extensive tuberculous lesions. Ad- 
mitting the harmlessness of the operation, 
also the extremely favorable results that 
have been obtained in a great many cases of 
tuberculous cavities which did not appear at 
first sight likely to benefit from this opera- 
tion, phrenicectomy merits an important 
place among the therapeutic measures em- 
ployed in phthisiology.—La phrenicectomie 
dans le traitment des cavernes tuberculeuses 
a localisation apicale, G. E. Wolf, Ann. d. 
Méd., October, 1928, xxiv, 306.—(B.T.McM.) 


Essential Indications for Artificial 
Pneumothorax in Sanatoria.—How fre- 
quently and how early should Forlanini’s 
method be resorted to in hospital and sana- 
torium practice? Overenthusiasts would 
apply such a rule as this: unilateral pul- 
monary tuberculosis—simple pneumothorax; 
bilateral pulmonary tuberculosis—bilateral 
pneumothorax. While such a conception 
may perhaps pass when dealing with patients 
under very unfavorable circumstances, with 
no means of self-support, in order to put 
them “on their feet in three months,” it is 
surprising to meet with it in sanatorium 
physicians where conditions are of the best 
for prolonged observation and treatment. 
Among these is Thibault of Durtol. He 
cites the argument that the statistics of 
treated patients are better than of those left 
to their own natural defenses, Rist’s figures 
having shown a mortality of 62 per cent 
among the adherent and 34 per cent among 
those treated by pneumothorax. Staub, 
of Davos, from his experience in the popular 
sanatoria at Zurich, concludes, contrary to 
many (including Naveau) that collapse 
therapy yields its best results in the clinically 
stabilized, or “‘cold’’ cases, as opposed to the 
toxic febrile or “hot” cases, and prefers 
it to thoracoplasty (1) when the lesions 
are not extensive, there are no large cavities 
and no important retractions of tissue; (2) 
in exudative cases, when there is danger of 
contralateral extension; (3) when the oppo- 
site lung is doubtful; (4) in patients too weak 
for thoracoplasty; and (5) in haemoptoic 
cases. Thoracoplasty is preferred (1) if 
there are marked pulmonary retractions, and 
(2) if there are large cavities. The chief 
dangers of pneumothorax consist of gas 
embolism, more and more rare, and pleurisy, 
which occurs in one-third of cases and is 
always undesirable, becoming purulent in 
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one-tenth of cases. Aseptic pleurisy is 
usually cured, but 5 out of 25 cases died of 
pulmonary exacerbations and 5 later follow- 
ing pleuropulmonary perforations. Septic 
pleurisy carries an unfavorable prognosis 
and necessitates thoracoplasty, for which 
the operative mortality ranges from nil 
(Staub and Ziegler) to 24 per cent 
(Schreiber). Should pneumothorax be es- 
tablished as often and as soon as possible? 
Certainly not. If, frightened by a triangular 
opacity above the right interlobar fissure, 
we had instituted artificial pneumothorax, 
we should not have known that such a 
shadow, in a tuberculosis patient, could dis- 
appear in ten days. Such are examples of 
pulmonary manifestations of Ranke’s second 
stage, not requiring pneumothorax because 
they heal spontaneously. Likewise if, struck 
by the history of a young girl infected while 
caring for a brother dead of phthisis, we 
had collapsed a left lung largely infiltrated 
in its upper portion, we could not have 
witnessed that remarkable roentgenographic 
clearing, accompanied by corresponding phy- 
sical and bacteriological changes, which took 
place under six weeks of sanatorium cure. 
If, in a third patient, we had induced a left 
pneumothorax, we could not have seen the 
spontaneous disappearance in two months 
of a cavity image, accompanied by parallel 
clinical and bacteriological amelioration. 
Attention is recalled to the communications 
of Jaquerod, Piguet and Giraud, Sergent, 
Morin and others, concerning what Bernou 
terms “cavities with benign prognosis.” 
Certainly roentgenographic obliteration of 
pulmonary lesions, cavity or not, is more 
frequent than supposed, and often very 
rapid. Whether there is corresponding 
anatomical obliteration may be questioned. 
Giraud has noted later reappearance of some 
of these shadows. Disadvantages of Delay: 
1: Risk of formation of adhesions. 2: Risk 
of bilateralization of lesions. The latter is 
actually the greater risk, and unhappily 
can not be foreseen. Rist states very well 
the disadvantages from the veiwpoint of 
formation of adhesions; yet the statistics 
from the Sanatorium des Alpes Vaudoises 
are not strikingly convincing. They show, 
first of all, slightly more technical successes 
in women than men and slightly more on the 
left than on the right side; of all cases, 29 per 
cent were complete, 39 per cent large partial, 
20 per cent partial, 12 per cent failures. In 
anilateral cavity cases there were 90 per cent 
of technical successes, and in bilateral cases 
with unilateral cavity 85 per cent. Inter- 
mittently subfebrile cases showed the great- 
est number of failures, 41 per cent. His- 
tories of pleurisy were obtained in 43 
of 126 patients, 12 serous (verified by 


puncture). Among the latter, 3 large 
partial pneumothoraces were obtained, 5 
partial. Among the 27 with dry pleurisy, 
there were obtained 8 complete pneumo- 
thoraces, 9 large partial, 7 partial, 7 failures 
(note: this adds up to 31 cases). Among 22 
patients whose disease was under six months’ 
duration, there were obtained 32.5 per cent 
of complete pneumothoraces, 45 per cent 
large partial, 18 per cent partial, and only 
one failure. Among 32 of six to twelve 
months’ duration there were 13 per cent 
failures, and 12 per cent among those of 
longer duration. On the other hand, among 
36 complete pneumothoraces, 59 per cent 
had been established more than twelve 
months after onset, and the average previous 
duration of the disease was 19 months, com- 
pared with 39 months for the failures. 
Eleven of the 15 failures gave a history of 
previous pleurisy. Auscultation usually 
reveals this, while subjective pain is unre- 
liable. Inspiratory retraction of the inter- 
costal spaces is a reliable sign of pleural ad- 
hesions. Summary: It appears that we have 
a quasi-liberty of action, in the average case, 
of about six months, during which it is per- 
missible to await spontaneous modifications, 
which may be sufficient,in two to five months, 
to counsel abstention. If within this period 
there is no clear-cut improvement, one should 
have recourse to collapse therapy. Excep- 
tions to the above rule should be made when 
such incidents as rapidly increasing cavita- 
tion, unilateral extension, pleurisy, or grave 
haemoptysis, force our hand. The more 
serious the lesions, the less should one be 
disposed to wait. A considerable series of 
roentgenographs accompanies this article.— 
Le médecin de sanatorium doit-il faire des 
pno. aussi vite et le plus souvent que possible? 
F. Cardis, Rev. d. 1. Tuberc., April, 1928, 
ix, 177.—(A.P.) 


Paradoxes of Artificial Pneumothorax. 
—It is known that compression pneu- 
mothorax, employed to check haemoptysis,’ 
sometimes aggravates it. Some explain 
this as due to traction on adhesions, with 
injury to blood-vessels (Dumarest), others 
by blood stasis, as in incompletely collapsed 
thick-walled cavities (Jessen). The case of 
Dumarest, of a young girl, is cited, with 
involvement of the left lung and upper- 
lobe cavitation, who, following repeated 
haemoptyses, had a left pneumothorax in- 
duced without success; in fact, the insuffla- 
tions aggravated the bleeding, so that finally 
the gas was removed. This patient died of 
recurrent haemorrhage. Lindblom has 
shown pathologically the frequency with 
which new foci develop in the collapsed 
lung, the pneumothorax merely favoring 
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fibrous encapsulation. Gwerder then re- 
ports three cases illustrating a new paradox. 
Case 1: A young woman in March, 1921, 
had a slight haemoptysis, with left upper- 
lobe involvement, which by July had spread 
through the upper two-thirds of this lung, 
with a cavity opposite the second rib. In 
October a left pneumothorax was com- 
menced, a good collapse resulting, with 
prompt improvement; however, in June, 
1923, after a rather large refill rhonchi were 
heard over the right upper back, and some 
bacillary sputum appeared. The left pneu- 
mothorax was abandoned as other symptoms 
appeared, and the latter subsided. In 
October an haemoptysis occurred, which 
the patient thought was from the right side 
and moist sounds and crackles were heard 
over this apex. However, an attempt had 
been made to resume the left pneumothorax 
at the time of bleeding, and this was par- 
tially kept up until July, 1924, the patient 
making an excellent recovery and returning 
home early in 1926. Case2: A young man 
of 26 had a history of a left-sided pleurisy. 
Later he developed tuberculosis of the left 
lung with haemoptyses in the spring and 
summer of 1925. Roentgenographs showed 
a uniform density on the left, and respira- 
tion was enfeebled; the right lung was 
practically clear. Pneumothorax was in- 
duced on the right side instead of the left, 
500 cc. at the first dose, with a refill of the 
same amount that evening. The haemor- 
rhage was checked and pneumothorax gradu- 
ally abandoned. A left pneumothorax 
would have been impossible because of the 
preceding pleurisy. Case 3: A young 
woman of 29 had tuberculosis of the left 
lung of eight years’ duration, and a left 
pneumothorax had been unsuccessfully 
attempted in September, 1925. There were 
well-marked signs on the left side, and the 
films showed the left pulmonary field almost 
totally obscured by a diffuse opacity. In 
March, 1926, bloody sputum appeared, 
followed by profuse haemoptyses. A right 
pneumothorax was induced March 23, 1926. 
After several refills of about 300 cc., bleed- 
ing ceased. In May treatment was termi- 
nated, and there was a good recovery. 
Discussion: Gwerder does not give any very 
clear explanation of these results except to 
assume that retraction of the partially 
sclerotic diseased tissues may be furthered 
by the pressure of gas on the opposite side 
of the mediastinum. He also mentions the 
work of Neumann, associating haemorrhagic 
states with modifications of vagus and 
sympathetic influences and modifications of 
internal secretions. The good effects of 
“relaxation pneumothorax” (pneumothorax 
de détente) are emphasized. Conclusions: 1: 


There exist cases of haemoptysis in which it 
seems justified to throttle the haemorrhage 
by a gradual “relaxation pneumothorax” of 
the opposite or healthy side. 2: The ex- 
ceptional cases in which such a procedure is 
indicated are usually those in which there is 
a possibility of accentuating the natural 
contraction of the involved lung from the 
other side. 3: Roentgenographic findings 
especially give us the indications for such 
procedure.—Paradoxes du pneumothorax 
artificiel, Gwerder-Pedoja, Rev. d. 1. Tuberc., 
June, 1928, ix, 361—(A. P.) 


Successful Resumption of Artificial 
Pneumothorax after Ten Months’ In- 
terruption.—lInterruption of collapse ther- 
apy generally ends in progressive resorption 
of the gas pocket and adherence of the 
pleural layers. Sometimes, unfortunately, 
this disappearance of pneumothorax occurs 
through negligence and is to be regretted 
when resumption is found impossible. 
However, a case is reported from Rist’s 
service, in whom treatment was resumed 
after a lapse of ten months, with success. 
This patient, a young man of 26, fell ill in 
1924, and when seen in June, 1925, had 
right unilateral pulmonary tuberculosis. 
Pneumothorax was established in Septem- 
ber, 1925, and was immediately effective. 
By December his physician at Turin con- 
sidered him cured and ceased treatment 
after only 20 insufflations. He resumed his 
work up to September, 1926, when his 
symptoms returned, and in October he was 
admitted to Rist’s service at the Hépital 
Laennec, presenting discrete signs at the 
right apex, the films showing condensation 
in the upper half of the right pulmonary field, 
with a subclavicular cavitary image, but no 
retractions or appearance suggesting adhe- 
sions. Without the least difficulty his arti- 
ficial pneumothorax was reinstituted, and 
an almost total collapse of the lung obtained. 
Its effectiveness was confirmed by the pa- 
tient’s immediate improvement. This case 
shows that a transitory pneumothorax is 
not advisable, despite its initial results, 
which may be brilliant; compression must 
be maintained a long time to be permanently 
effective. Rist does not consider interrup- 
tion of treatment within two years and only 
after repeated negative bacteriological find- 
ings. Nevertheless, the case also shows that 
the conditions following a premature re- 
expansion are not necessarily hopeless, and 
that it is worth while always to attempt to 
resume treatment.—Pneumothorax artificiel 
réinstitué malgré dix mois d interruption 
de traitement et résorption compléte de la 
poche gazeuse, F. Hirschberg, Section d@’ 
études scientifiques de VOeuvre de la Tubercu- 
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lose, November 12, 1927, reported in Rev. d. t. 
Tuberc., February, 1928, ix, 73.—(A. P.) 


Abnormal Decompression in Artificial 
Pneumothorax.—Heretofore these occur- 
rences do not seem to have been remarked 
except in connection with pleural adhesions 
and their consequences. This study deals 
with decompressions occurring independently 
of contact of the pleural layers and without 
any modification in the course of treatment 
with respect to dosage and interval between 
insufflations. Some years ago Mantoux 
studied the effects of altitude and pointed 
out the possibility of certain accidents due 
to this. Among possible causes of acceler- 
ated decompression is cessation of the rest 
cure and resumption of active life. In one 
patient excessive coughing seemed to play a 
part; in certain others the existence of a 
bronchopleural perforation could be estab- 
lished. Variations in the rate of diffusion 
may be traced to (1) overpressure in the 
pleural cavity, and (2) variations in pul- 
monary retractility. Whatever tends to 
diminish the surface of the visceral serosa 
diminishes the rate of diffusion, aided more 
or less by ischaemia; the reverse is also 
true. Thus we may have surprising differ- 
ences in gas absorption in patients with 
similar degrees of collapse. The case is 
cited of a patient who received pneumothorax 
for twenty months at three-week intervals 
but who on resuming a quite strenuous work 
absorbed the gas much more rapidly. The 
added respiratory movements are deemed 
to have been responsible. In another case 
a severe coryza followed by strong coughing 
seemed to induce similar effects. Bernou is 
also of the opinion that about the menstrual 
period the diffusion of gas is accelerated, 
based on a careful observation of two pa- 
tients. A progressive lowering of the dia- 
phragm has also been observed, possibly 
attributable to vagosympathetic dystonia. 
Selective reéxpansion of certain parts of the 
lung is referred to. The effects of pleuro- 
pulmonary perforations and of partial 
bronchial stenoses are considered, and the 
view is held that the former are more fre- 
quent than generally assumed. They must 
be thought of when “the pleura does not 
hold the gas,” technical faults being ruled 
out. Treatment: Careful and frequent ob- 
servation is essential, especially when the 
patient is increasing his activities. Oleo- 
thorax is of some value in the presence of 
small pleuropulmonary perforations. When 
decompression is due to accidental factors a 
copious insufflation should be given. Con- 
clusions: Sudden decompressions may occur 
in the course of pneumothorax treatment, 
due to various causes. Variations in pul- 


monary retractility, variations in the atmos- 
pheric pressure due to change in altitude, 
variations in the patient’s activity, and 
bronchopleural fistulae are most important. 
Careful fluoroscopic observation before and 
after each insufflation is recommended. 
Copious insufflations should be given when 
required, and exceptionally oleothorax will 
be indicated.— Des décompressions anormales 
du poumon au cours du pneumothorax arti- 
Siciel, A. Bernou, Section d’ études scientifiques 
de VOeuvre de la Tuberculose, November 12, 
1927, reported in Rev. d. 1. Tuberc., February, 
1928, ix, 75.—(A. P.) 


Bilateral Artificial Pneumothorax.— 
Collapse therapy does not admit of strict defi- 
nition. Optimal pressures differ with differ- 
ent individuals. No hard and fast law can be 
laid down. Too great a pressure may do 
harm and lead to cardiac and digestive symp- 
toms, which often result from pressure on the 
mediastinum and heart. Some patients 
require an abnormally low pressure. In 
others greater pressures are required. Ac- 
cording to Forlanini’s scheme bilateral 
pneumothorax is impossible because he ad- 
vocated complete collapse of the lung. But 
we know now that moderate reduction in 
mobility leads, not to bad results as has 
frequently been thought, but to definitely 
favorable results. Bilateral pneumothorax 
is now a readily acceptable procedure, al- 
though in 1912 when first introduced by the 
author it was frowned upon. The first 
important and practical gain from bilateral 
pneumothorax is a widening of the indica- 
tions for pneumothorax. In suitable, se- 
lected cases contralateral pneumothorax 
might frequently be carried out with suffi- 
cient pressure to lead to healing, especially 
if the Jacobaeus method of cauterizing 
adhesions be employed when necessary. 
The successes of bilateral pneumothorax had 
led to attempts at bilateral partial thoraco- 
plasty.— Ueber ersweiterte Indikationen der 
gleichzeitig doppelseitigen Lugenkollapsthera- 
pie, M. Ascoli, Deutsche med. Wchnschr., 
August 10, 1928, liv, 1322.—(H. S. W.) 


Bilateral Artificial Pneumothorax.— 
Bilateral artificial pneumothorax is exten- 
sively considered and discussed. With 
control observations on vital capacity, the 
daily amount of sputum, and stereoscopic 
roentgen examination, bilateral pneumo- 
thorax, with proper evaluation of the case, is 
harmless. The more involved lung side is 
first approached, and if this does not suffice 
or in case of progression on the other side, 
bilateral pneumothorax is instituted. When 
a complete collapse of the second side is 
instituted the first pneumothorax must not 
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be complete. With a vital capacity of 
2500 cc. the second pneumothorax can be 
instituted without hesitation. On account 
of difficulty of reéxpansion of the collapsed 
lung, pneumothorax should not be main- 
tained bilaterally for more than 6 to 8 
months, and the least involved lung should 
be at first allowed to reéxpand under control 
of the sputum. The author reports 12 
cases treated with bilateral pneumothorax 
with satisfactory results. The vital-capac- 
ityjdetermination makes it appear likely that 
the diseased pulmonary tissue is more col- 
lapsed than the healthy tissue and that the 
functionating lung tissues are better utilized. 
—Der doppelseitige kiinstliche Pneumothorax, 
G. Liebermeister, Beitr. 2. klin. d. Tuberk., 
1928, laviit, 746.—(H. J. C.) 


Successive Bilateral Artificial Pneu- 
mothorax.—It was assumed for a long time 
that even relatively slight lesions in the 
contralateral lung contraindicated pneu- 
mothorax treatment on the uninvolved side, 
but experience has shown that not infre- 
quently lesions improve in the contralateral 
side under pneumothorax treatment. Itis, 
therefore, permissible and not infrequently 
successful to collapse first one lung for a 
sufficiently long period, and after this lung 
has reéxpanded to compress the other lung. 
Three patients are reported in detail in which 
this procedure has been used successfully. 
With the example of these three cases it is 
shown that (1) even an excavated lesion may 
heal during collapse therapy of the other 
lung, (2) bilateral lesions may be treated 
successfully with successive pneumothorax 
on both sides, and (3) a newly developed 
lesion during collapse therapy may be cured 
by pneumothorax treatment after the 
primarily collapsed lung has reéxpanded.— 
Der nachtrigliche doppelseitige Pneumotho- 
rax, W. Neumann, Wien. klin. Wehnschr., 
March 14, 1929, xi, 325.—(M. P.) 


Bilaterial Artificial Pneumothorax 
and Oleothorax.—Bilateral pneumothorax 
has limited indications and comes into con- 
sideration only in the case of open processes 
that show clinical or roentgenological cavi- 
ties. The simultaneous bilateral pneu- 
mothorax can be given either alternately or 
coincidently, and for this purpose a Grass 
apparatus in modified form is used. Fifteen 
cases of bilateral pneumothorax, studied 
over a period of two years, are reported. 
In five with early infiltration a complete 
collapse was obtained, as well as in four 
additional cases after thermocauterization 
of adhesions. Two cases became free from 
bacilli, one enjoyed transient improvement, 
and another died from empyema resulting 


from rupture of a cavity. In the second 
group of patients only partial compression 
was obtained on account of widespread 
adhesions. Oleothorax produces collapse 
of longer duration, and requires fewer fill- 
ings. The author prefers sterilized iodipin, 
on account of the shadow cast in the X-ray. 
A 5 to 10 per cent iodipin was used, in 
amounts up to 1450 cc. In cases of slight 
pleural changes there occurred, within 12 
to 36 hours, inflammatory reactions with 
severe pain. These effects are seen mostly 
with small injections, while large amounts 
are tolerated without irritation. If a small 
exudate exists before the oil is given, the 
injection runs its course without complica- 
tions. Oleothorax with an 8 per cent olive 
oil-Gomenol mixture was tried twice without 
result. The author summarizes his studies 
by recommending bilateral pneumothorax 
and oleothorax, when the proper indications 
exist, as valuable in the therapy of tubercu- 
losis.—Doppelseitiger Pneumothorax und 
Oleothorax und ihre Technik, K. Diehl, 
Beitr. 2. Klin. d. Tuberk., 1928, laviii, 173.— 
(H. J.C.) 


Bilateral Artificial Pheumothorax and 
Pulmonary Perforations.—A case is re- 
ported from the Sanatorium Edith Cavell at 
Obourg, Belgium, as follows: A girl of 
infantile aspect and in poor general condition 
and nutrition, with “paralytic” thorax, was 
admitted September 1, 1926. Appetite 
and digestion were impaired. She had 
moderate cough, worse at night, sleep dis- 
turbed by frequent micturition, bacillary 
sputum, strongly positive cutireaction, and 
subnormal temperature. Clinical examina- 
tion showed a deep-seated soft lesion of the 
right apex and a focus at the base; on the 
left a few distant apical rAles were audible. 
Fluoroscopy showed an opaque shadow in 
the right sternoclavicular angle and consider- 
able clouding in the axillary region; also a 
similar area on the left. Initial improve- 
ment was followed by a febrile attack, with 
fulminating activity in the right lung, the 
left having meanwhile become almost 
normal; and a right-sided pneumothorax 
was induced in March, 1927, with almost 
complete collapse of upper and middle lobes. 
Nevertheless, treatment was ineffective and 
there was evident reactivation of the lesions 
on theleft. On May 10th the child suddenly 
presented an anxious and dyspnoeic appear- 
ance. Pleural puncture induced coughing 
and no information was yielded. The fol- 
lowing day dyspnoea was extreme, respira- 
tions were short and superficial and 64 = 
minute. Respiratory sounds on the left 
were enfeebled and fluoroscopy showed an 
incomplete pneumothorax. From the right 
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side 300 cc. of gas were removed with marked 
benefit. How did this second pneumothorax 
occur? It is possible that her severe cough- 
ing was responsible for the rupture. In any 
event, both bases soon expanded sufficiently 
to assure haematosis, and later a little exu- 
date appeared in the pneumothorax spaces 
on both sides. Causes of Perforations: 
The compensatory emphysema which occurs 
in the uncollapsed parts of the lungs is 
thought to favor perforation by being un- 
usually fragile. If this fragile lung tissue is 
pierced by the needle or trocar, it may readily 
rupture. This theory is opposed to that of 
Chabaud, who speaks of the harmlessness of 
puncturing soundlung. Careful fluoroscopic 
control is recommentied to anyone wishing 
to practise bilateral pneumothorax.—La 
collapseothérapie bilatérale: Essai d’expli- 
cation de la plus grande fréquence des per- 
forations pulmonaires au cours du deuxiéme 
pneumothorax, André and De Looze, Rev. 
Belge d.l. Tuberc., January-February, 1928, 
xix, 26.—(A. P.) 


Leucocytes during Artificial Pneu- 
mothorax.—The differential leucocyte pic- 
ture was followed in 19 cases of pulmonary 
tuberculosis treated with pneumothorax. 
If after the first fillings a polynucleosis and 
shift to the left diminished, and were re- 


placed by a lymphocytosis and eosinophilia, 
this indicated a favorable influence of the 
pneumothorax treatment and a good prog- 


nosis. The persistence of a polynucleosis 
and shift to the left after a number of refills, 
with an absence of lymphocytosis and eosino- 
philia, suggested an unfavorable prognosis. 
In the latter case pneumothorax treatment 
should be discontinued and other therapeutic 
measures sought. The blood picture is con- 
sidered a good indicator of the action of 
pneumothorax therapy.—Uber die Mor- 
phologie des Blutes im Verlaufe der Pneu- 
mothorax-behandlung bei der Lungentuberku- 
lose, R. Russew, Beitr. 2. Klin. d. Tuberk., 
1928, lxviti, 522.—( H. J. C.) 


Continuous Aspiration Drainage of 
Chest.—The advantages of air-tight con- 
tinuous suction drainage of empyemata 
over thoracotomies are discussed. Chief 
among these are shortening of the period of 
iliness, prevention of secondary infection, 
less shock, continuous and complete drain- 
age; reéxpansion of the lung is facilitated and 
thus diminishes the need for subsequent 
operations of decortication. The apparatus 
consists of an inlying catheter which is in- 
troduced into the chest through a cannula. 
The catheter is connected by rubber tubing 
with a flask which is evacuated by means of 
a hydraulic pump. The reservoir supplying 


this pump empties itself into a pail at the 
rate of 60 to 100 drops per minute. This 
causes a negative intrapleural pressure of 8 
mm. An important feature of the technique 
is the introduction on the stretch of the in- 
lying catheter. On withdrawing the cannula 
the rubber releases and fills the wound, mak- 
ing an air-tight joint—Azr-Tight Suction 
Drainage Chest, H. Burrows, Lancet, 
March 16, 1929, ccxvi, 549.—(B. T. McM.) 


Heliotherapy in Tuberculosis.—The 
treatment of tuberculosis with light, which a 
few years ago had to be frequently justified 
by its proponent, is now taken for granted. 
Exposure to sunlight leads to building up of 
the general strength of the body, increase in 
muscle tone, increase of red blood cells and 
haemoglobin, reduction of the polynuclear 
increase sometimes present, and leaves the 
patient strong and vigorous at the end of 
treatment instead of weak and debilitated as 
he frequently is following surgical treatment. 
The pigmentation which usually develops 
protects the body from the actinic rays and 
thus allows longer exposures. It is a sign 
of good prognosis although many exceptions 
are encountered. If judiciously applied, 
heliotherapy is of great benefit in pulmonary 
tuberculosis. It should not be applied to 
rapidly progressing or generalized tubercu- 
losis, or in case of haemorrhage or for two 
weeks after haemorrhage. Heliotherapy 
should be combined with general sanatorium 
care and not used alone. Lamps of various 
types are fairly good substitutes during the 
winter months for natural sunlight, but the 
value of fresh, moving air (not too much 
chilled) must not be lost sight of.—T,reat- 
ment of Tuberculosis by Heliotherapy, H. 
LoGrosso, Radiology, September, 1928, xi, 
217.—(H. S. W.) 


Physical and Biological Problems in 
Heliotherapy.—A study has been made of 
the spectral energy characteristics of the 
mercury-vapor lamp. A vacuum-type bur- 
ner run at 110 volts A. C. was used in all 
investigations. Measurements of the varia- 
tion of the relative intensity of the lines, 
3130, 3022, 2967, 2897, 2804, 2650, and 2536 
A under varying conditions, that is, age of 
burner and operation, are reported. The 
ultraviolet emission has also been measured 
by a cadmium photoelectric cell in uviol 
glass, by the starch-iodine test, and by the 
skin erythema. It may be concluded from 
these investigations that the cadmium cell 
gives a satisfactory reading of the erythema- 
producing ultraviolet part of the mercury- 
vapor spectrum. A method is proposed by 
which the calibration of a photoelectric cell 
in absolute units can be carried out. This 
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permits checking the sensitivity of an individ- 
ual cell and calibrating other cadmium 
cells in the same units. The correlation 
between this absolute unit and the biological 
effect (skin erythema) has been established. 
—Physical and Biological Problems in Helio- 
therapy, E. A. Pohle and R. A. Sawyer, Am. 
J. Roentgenol. & Rad. Ther., October, 1928, 
xx, 338.—(W. I. W.) 


Heliotherapy Dosage.—The ultraviolet 
energy of sunlight is a very variable quantity, 
depending on time of year, time of day, alti- 
tude, humidity and other factors; therefore 
standardized attempts should be made to 
determine the intensity of the energy of the 
light to which the patient is exposed. Ex- 
periments made at Boulder, Colorado, deter- 
mined that an hour’s sun-bath at 8 o’clock 
might give double the dosage of a sun-bath 
at 7 o’clock, and although the time of ex- 
posure was increased five minutes daily, on 
certain days the patient received very little 
more, or even less, actual dosage than on the 
previous day. Using as the unit of intensity 
the time required to darken a paste of zinc 
sulphide in saturated lead-acetate solution 
to a reflection factor of 50 per cent, the deter- 
mination of ultraviolet intensity at any time 
of the day can be made in approximately 
ten minutes.—Dosage in Heliotherapy: 


Plea for Laboratory Control, J. R. Earp, J. 
Am. M. Ass., January 26, 1929, xcii, 312.— 
(G. L. L.) 


Heliotherapy at Dispensaries.—Pa- 
tients while continuing their occupations 
received artificial heliotherapy for some forms 
of surgical tuberculosis. The results were 
satisfactory and the expense represented a 
considerable saving over institutional treat- 
ment. A small number of patients with 
pulmonary tuberculosis were treated with 
artificial light. The results were unsatis- 
factory.—Artificial Light Treatment at 
Tuberculosis Dispensaries for Nonpulmo- 
nary Tuberculosis, G. L. Cox, Brit. J. 
Tuberc., January, 1929, xxiii, 1—(B. T. 
McM.) 


Ultraviolet Light Treatment.—The 
common sources of ultraviolet light are the 
carbon arc, the tungsten arc and the mer- 
cury-vapor arc. The therapeutic action of 
ultraviolet light is of four types: (1) de- 
structive, (2) counterirritant, (3) stimulat- 
ing and (4) sedative. The destructive type 
of treatment is best exemplified by the Fin- 
sen-Reyn treatment of lupus. In a counter- 
irritant dose a definite degree of erythema 
should be secured; it is indicated in single 
chronic joint conditions. Stimulating effects 
are best obtained by doses of ultraviolet 


light that do not produce erythema. Seda- 
tive effects are produced when the dose is 
about 25 per cent of an erythema dose and 
the area of the skin exposed at each treat- 
ment is about 10 per cent of the body. 
Phthisical patients without pyrexia respond 
best to this method of treatment.— The 
Present Position of Ultra-Violet Light 
Therapy, C. B. Heald, Brit. M. J., January 
19, 1929, no. 3550, 94.—(W. I. W.) 


Ultraviolet Rays.—The proof is com- 
plete that sun-rays exert a curative effect 
in cases of surgical tuberculosis, rickets, and 
in some cases of nerve disease, anaemia and 
skin disease. Sunshine contains some of the 
longer ultraviolet rays, but the shorter and 
physiologically more active rays are lacking. 
The mercury arc in quartz and a carbon arc, 
burning carbons with mixtures of rare earth, 
are substitutes for the sun. Sunlight, ultra- 
violet rays and infrared rays, all cause pig- 
mentation of the skin. Ultraviolet rays are 
largely responsible for the inflammatory 
reaction, although sunshine is more effective 
in influencing the extent and duration of 
pigmentation. A common effect of over- 
dosage is sleeplessness, restlessness, lassi- 
tude, loss of weight and nausea.— Ulira- 
Violet Rays and the General Public, W. E. 
Dixon, Brit. M. J., October 13, 1928, no. 
3536, 642.—(W. I. W.) 


Irritation of Skin from Ultraviolet 
Radiation.—Severe irritation of the skin 
developing during artificial light treatment 
isnot uncommon. The most common cause 
is a depletion of the alkaline reserve. To 
prevent this complication it is advisable to 
examine the urine before instituting this 
treatment. An excessive acidity may be 
overcome by prescribing an alkaline mixture. 
—Skin Irritation Under Ultraviolet Radia- 
tion, S. V. S. Boyd, Lancet, November, 24, 
1928, ccxv, 1076.—(B. T. McM.) 


Treatment of Tuberculosis under 
Reduced Atmospheric Pressure.—The 
increased haemopoiesisin high altitudes is due 
to the reduced atmospheric pressure and a 
coincident reduction in the oxygen retention. 
This factor, which has been thought to be of 
importance in the beneficial results obtained 
in high altitudes, can be reproduced at will by 
lowering the atmospheric pressure in a pneu- 
maticchamber. Four patients suffering from 
lymph-node tuberculosis were treated daily 
for approximately twenty days under re- 
duced pressure for a period of two hours a 
day. The reduction of pressure was equal 
to an elevation of 4,000 to 5,500 metres. Aill 
patients showed a considerable increase in 
haemoglobin, the lowest increase in one 
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person being 3.6 per cent, and the highest 
32.8 per cent. The relatively high increase, 
as compared with observations in high alti- 
tudes, is probably due to the fact that the 
stimulus was applied frequently and that 
no possibility of acclimatization was given. 
The tuberculous process in these four pa- 
tients did not show any definite improve- 
ment. Itis concluded that increased haemo- 
poiesis, as such, has no influence on the local 
tuberculous lesion.—Beitrag zum Problem 
der Tuberkulosebehandlung in der Unter- 
druckkammer, W. Singer, Klin. Wchnschr., 
April 23, 1929, viii, 785.—(M. P.) 


Treatment of Pulmonary Tubercu- 
losis with Tebeprotin.—Tebeprotin Toen- 
niessen was used in 80 cases, 18 of these being 
predominantly exudative and mixed forms 
_ of pulmonary tuberculosis. In only one was 
the result questionable, while of the remaining 
62 cases there were 75.8 per cent that showed 
good results. By proper selection and care- 
ful dosing a good effect in the reduction of 
fever was especially obtained in subfebrile 
and mildly febrile cases, leading to the con- 
clusion that Tebeprotin is a valuable adjunct 
in the therapy of pulmonary tuberculosis. 
Treatment was given at biweekly intervals, 
starting with very small doses, and it con- 


tinued over a period of 9 months in the usual 
case, terminating with a final dose of 1:50 
mgm.—T hera peutische Erfahrungen mit Tebe- 
protin-Toenniessen, T. Siekowski, Beitr. 2. 
Klin. d. Tuberk., 1928, lxviii, 625.—( H. J.C.) 


Treatment of Tuberculosis with Liv- 
ing Tubercle Bacillii—The prophylactic 
use of living tubercle bacilli can as yet not 
be considered a safe procedure, but the 
treatment of an actively diseased person 
with a living vaccine appears to be safe and 
successful. Béhme advocates a vaccine 
whose virulence is decreased by sodium- 
chloride solution. Twenty-two patients 
were treated with Béhme’s vaccine with alto- 
gether 124 injections. The vaccine was 
administered by intracutaneous injections. 
At the site of injection a small nodule may 
develop, and abscess-formation and an open 
sinus may follow. This occurrence is pain- 
less, and the lesion heals within a few weeks 
or months. — This allergic reaction occurs in 
some patients only after several injections 
have been given. In most patients definite 
improvement was noticed, and this form of 
treatment is warmly advocated for wider 
use.—Die Behandlung der Tuberkulose mit 
lebenden Tuberkelbazillen, A. Kutschera- 
Aichbergen, Wien. klin. Wehnschr., February 
14, 1929, xlit, 197.—(M. P.) 


Therapeutic Tuberculous Superin- 
fection in Skin.—A vaccine, prepared from 
tubercle bacilli of diminished virulence and 
of human type, was used in 62 cases of tuber- 
culosis by subepidermal injection. The 
individual doses ranged from 100 to 200,000 
bacilli and to a maximum of 24 injections in 
individual cases. The injections caused no 
febrile or focal reactions, and were without 
an effect upon the general well-being. The 
injection reactions were of four types: non- 
inflammatory infiltrations, inflammatory in- 
filtrations, softening, and necrosis. The 
local reactions disappeared in several months, 
or resolved with scar-formation. In a num- 
ber of cases there were bean-sized infiltra- 
tions persisting after 6 months. Repeated 
superinfections with the same doses resulted 
in a diminution of the reaction. In 2 cases 
anergy resulted, while in 3 there were small 
progressive tumors which were excised. In 
contrast to the Old-Tuberculin reaction the 
superinfection reaction reached its maximum 
when the O.-T. reaction had completely 
subsided. In addition to this, both reac- 
tions frequently ran a course not conforming 
to the hypersensitiveness of the individual. 
The extraordinary variability of the course 
of the vaccine reaction is believed to be an 
expression of the primary disposition and 
ability to produce immune bodies. In 
comparison to the guinea pig the human skin 
reactions were more markedly variable, and 
made necessary a change in the significance 
as compared to the animal experiments.— 
Experimentelle Untersuchungen den 
Verlauf und die Wirkung der Superinfektion 
mit Tuberkulose in menschlicher Haut, mit 
besonderer Beriicksichtigung der bisherigen 
Ergebnisse im Meerschweinchensversuch, P. 
Wichmann, Beitr. 2. Klin. d. Tuberk., 1928, 
leviii, 728.—( H. J. C.) 


Chemotherapy of Tuberculosis.—The 
author divides chemotherapeutic efforts into 
three classes. One attempts to find an 
agent which will destroy the tubercle bacilli 
without injuring the tissues, but this has not 
been achieved. The reputed action of the 
gold preparations is, according to newer 
views, not a purely bactericidal one, but 
rather an effect obtained through an action 
on the tissues. Another endeavor is to re- 
tard the growth of the tubercle bacillus in 
the body and thus prevent their extension. 
Among these efforts is included the Gerson, 
Hermannsdérfer and Sauerbruch dietetic 
treatment. As a third effort the author 
includes those aiming to stimulate the im- 
mune properties of the body, such as that at- 
tempted by Walbum’s metallic-salt therapy. 
The author regards the discovery of a 
sterilizing therapy as unlikely, but believes 
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that possibilities exist in the other two direc- 
tions.—Probleme der Chemo-Therapie der 
Tuberkulose, F. Jessen, Beitr. 2. Klin. d. 
Tuberk., 1928, lxviti, 711.—(H. J. C.) 


Sanocrysin.—Forty-five cases in the 
second and third stages of pulmonary tuber- 
culosis were treated with sanocrysin. All 
of these cases received a preliminary period 
of routine sanatorium treatment without 
definite improvement. Sanocrysin cannot 
be regarded as a specific in the treatment of 
pulmonary tuberculosis. In suitable cases it 
shortened the period of routine treatment. 
With sanocrysin there is a greater possibility 
of the improvement following institutional 
treatment being maintained than there is 
without its use. In carefully selected cases 
it is of value as an adjuvant to other methods 
of treatment. It is of definite value in clear- 
ing the better lung in bilateral disease and 
allowing the establishment of artificial pneu- 
mothorax on the bad side. It may also be 
employed with advantage in collapse therapy 
of any variety when there is a tendency for 
the good side to break down.— Treatment of 
Tuberculosis of the Lungs by Sanocrysin, 
W. Stobie and Sheila Hunter, Brit. M. J., 
February 2, 1929, no. 3552, 194.—(W. I. W.) 


Control Observation with Sanocrysin. 
—Patients ‘admitted to Forster Greene 
Hospital in 1927 were divided into two 
groups alphabetically, after excluding read- 
missions and those who remained less than 
six months. Those whose names began 
with the letters A to K, numbering 40, were 
used as a control group, while those from L 
to Z, numbering 50, received sanocrysin 
treatment. Comparing the two groups 
according to sex, family history, duration 
from first symptoms, temperature and pulse- 
rate on admission, presence of cavity, extent 
of lung involvement, and complications, the 
group for treatment appeared to have a more 
unfavorable prognosis than the control group 
with reference to the temperature and pulse 
on admission, presence of cavity and extent 
of lung involvement. The control group, 
on the other hand, contained a higher pro- 
portion of patients whose first symptoms 
appeared more than six months before 
admission. Excluding 9 cases which had had 
satisfactory artificial pneumothorax (5 in the 
control and 4 in the treated group) imme- 
diate results, as shown by the condition on 
discharge, indicated that in the control 
group there were 2 quiescent, 25 improved, 5 
unchanged, and 3 worse, while in the treated 
group there were 18 quiescent, 24 improved, 
7 unchanged and 4 worse. Negative sputum 
was noted in 6 of the control group and 24 of 
the treated group. Of the entire group, 4 of 


the controls and 14 of the treated were dis- 
charged as quiescent in the first nine months, 
and 22 of the controls and 16 of the treated 
cases as improved in this length of time. 
Eleven of the A to K group of 40, and 7 of 
the LZ to Z group of 50 were known to be 
dead by December 31, 1928. Of the 30 
cases whose sanocrysin treatment was com- 
pleted 15 were quiescent, 13 improved, 1 un- 
changed and 1 worse. Twenty-six gained 
weight and four lost weight. Of nine whose 
treatment was not completed because of 
failure to improve, diarrhoea, albuminuria, 
progressive loss of weight, or focal and 
general reactions, 2 gained and 6 lost weight. 
Of complications during injections there 
were 25 febrile or subfebrile reactions, 17 
cases of well-marked or transient albuminuria, 
3 of vomiting, 1 of stomatitis, 1 of neuritis, 
1 of oedema of the eyelids, and 1 focal and 
general reaction. It is concluded that sano- 
crysin treated cases do better than untreated 
cases.—A Control Observation with Sanocrysin, 
B. R. Clarke and H. G. K. Haddick, Lan- 
cet, April 6, 1929, ccxvi, 714.—(E. H. K.) 


Animal Experiments with Sanocrysin. 
—In animal experiments with sanocrysin 
calves reacting negatively to tuberculin 
were treated intravenously with various 
strains of tubercle bacilli and with organs 
(glands and spleen of guinea pigs). The 
treatment was given according to the direc- 
tions of Moellgaard, using both sanocrysin 
and the Moellgaard serum. In addition 
digalen and caffeine were given. In another 
series a low-virulence strain of tubercle 
bacilli was used for infecting before treat- 
ment. In both these series there was found 
no appreciable difference between the treated 
animals and the controls, and there was no 
diminution in the virulence of the tubercle 
bacilli used. It is believed that the favor- 
able results obtained by Moellgaard in his 
cattle experiments was due to the low viru- 
lence of the strain used. In vitro experi- 
ments were also not satisfactory in proving 
the value of sanocrysin.— Tierversuche zur 
Sanocrysinbehandlung der Tuberkulose, L. 
Lange, Beitr. 2. Klin. d. Tuberk., 1928, lxviii, 
585.—( H. J. C.) 


Treatment of Tuberculosis with Sano- 
erysin.—Sanocrysin was used on 26 patients, 
beginning with 0.1 gm. and increasing to 0.5 
gm. gradually at 8-day intervals. The Mdll- 
gaard serum was initially used but discon- 
tinued on account of the injuries produced. 
Albuminuria, pyrexia, etc., are discussed. 
Of the severe cases only two were improved, 
two progressed unfavorably, and the re- 
mainder were uninfluenced.—Zur Chemo- 
therapie der Tuberkulose, L. Wohlberg, 
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Beitr. s. Klin. d. Tuberk., 1928, laviii, 565.— 
(H. J. C.) 


Treatment of Pulmonary Tubercu- 
losis with Triphal.—Triphal is a compli- 
cated gold compound with a gold content of 
about 44 per cent. Treatment is started 
with 5 mgm., and the dosage is carefully 
increased up to 15 mgm. Injections were 
given intravenously at eight- to ten-day 
intervals, in 36 patients with open pulmonary 
tuberculosis who had not responded favor- 
ably to other forms of treatment. In about 
33 per cent of the cases definite improvement 
was noticed, such as reduction in the local 
signs, disappearance of sputum or bacilli, 
reduction in sedimentation rate, and increase 
of body weight. Albuminuria was never 
observed. Slight temporary elevations of 
temperature occurred. Moderate headache 
and fatigue were observed. Sometimes the 
injections caused slight focal reactions. 
Vomiting occurred in a few cases following 
injections. Only one patient showed a 
strong focal and general reaction. The same 
patient was very sensitive to tuberculin. 
Two patients developed toxic dermatitis. 
As a rule, this form of treatment yields 
encouraging results.—Behandlung der Lung- 
entuberkulose mit Triphal, F. Melion, Wien. 
klin. Wehnschr., February 28, 1929, xlii, 


271.—(M. P.) 


Treatment of Tuberculosis with Sol- 
ganol.—The toxicity of Solganol is less than 
that of other gold preparations. Injuries to 
the kidney were never observed, while 
exanthemata of the skin and oral mucous 
membrane were frequent but retrogressed 
rapidly under adrenalin treatment. The 
author used Solganol, beginning with 0.01 
gm., and increasing rapidly at 5- to 10-day 
intervals, reaching doses of 0.3 to 1.5 gm., 
for a total of 3 to 8 gm., in 82 cases of tuber- 
culosis of all stages. A favorable influence 
was observed in fresh forms of pulmonary 
tuberculosis, while in chronic cirrhotic proc- 
esses a bare action was observed. The 
action of Solganol is similar to that of sano- 
crysin, but the former is tolerated much 
better—Uber  Solganolbehandlung. (Ein 
klinischer Beitrag zur Goldbehandlung der 
Lungentuberkulose), A. Freund, Beitr. 2. 
Klin. d. Tuberk., ixviii, 606.—(H. J. C.) 


Lopion, New Gold Cure for Tubercu- 
losis.—Lopion, when administered to 
patients with pulmonary or laryngeal tuber- 
culosis, led to increase in weight in all and 
improvement of symptoms (especially cough 
and expectoration) in about one-half the 
cases.—G. 2949 (Lopion) ein neues Gold- 
préparat zur Behandlung der Lungen- und 


Kehlkopftuberkulose, H. Schmidt, Deutsche 
med. Wehnschr., October 19, 1928, liv, 1757.— 
(H. S. W.) 


Treatment of Pulmonary Tubercu- 
losis with Antimony.—Antimony has 
been used with considerable success in many 
diseases, such as trypanosomiasis, filariasis, 
leishmaniasis, bilharzia, kala-azar and lep- 
rosy, and was thought worthy of trial in the 
treatment of tuberculosis. The preparation 
used by the author was Collosol antimonium 
(Crooke’s) in dosage of 1 cc. intramuscularly 
twice weekly. The site of the injection is 
the fleshy part of the flexor muscles of the 
forearm, the needle being inserted vertically 
to the depth of about half an inch. Anti- 
mony is a diaphoretic and expectorant agent, 
and reduces fever; it also excites leucocytosis, 
and has a marked bactericidal action in 
vitro. Colloidal antimony, when broken 
down in the tissues, yields antimony in an 
ionic form, which is slowly excreted and its 
action thereby prolonged. The effect on 
the local pulmonary lesion is at first to in- 
crease somewhat the moist sounds heard in 
the lungs. The sputum is increased, but it 
is usually rendered less viscid, and the cough 
therefore generally becomes easier. After 
a few weeks there is a tendency for the moist 
rales to dry up and disappear and the sputum 
to decrease in quantity. The injections first 
produce a moderate reaction with slight 
elevation of temperature that evening. 
But the general tendency is for the tempera- 
ture as a whole to subside rapidly to normal 
and more rapidly than would be the case 
without the administration of antimony. 
Even moderately severe cases under the 
routine treatment usually have an afebrile 
temperature in three or four weeks. As soon 
as this result is achieved, the patient is 
allowed up for one or two hours daily, which 
period is gradually increased to include the 
whole day, with the usual rest periods. 
Coincident with the general improvement 
the weight increases rapidly and the benefits 
of the treatment result in its being only 
necessary for the patient to remain in the 
sanatorium ten weeks on the average. 
Treatment can then be carried on at the 
tuberculosis clinic where the patient con- 
tinues to receive the injection of antimony. 
When the improvement is sufficient, the 
injection is given only once a week and dis- 
continued when the case is considered quies- 
cent. The patient is then kept under obser- 
vation and, should recrudescence occur, treat- 
ment is at once recommenced. Haemop- 
tysis does not occur more frequently than 
under any other form of treatment and is not 
to be viewed as a contraindication to the 
treatment. Three hundred and fifty cases 


ABSTRACTS OF TUBERCULOSIS 45 


have had treatment for a period of two 
months or more; 176 had positive sputum 
and of these 20 have died, 13 have not im- 
proved, 117 have improved, and 25 are now 
quiescent. The remaining 174 cases had 
negative sputum, but in all other respects 
were typically tuberculous. Of these nega- 
tive cases 1 has died, 3 are not so well, 103 
have improved, and 67 are quiescent. A 
large number of the negative cases were 
treated at the clinic only. In conjunction 
with the antimony, asparagin is administered 
as an expectorant, also the tincture of 
Sanguinaria canadensis and squills and tolu. 
The author stresses the necessity for examin- 
ing the sputum for albumen as well as bacilli, 
and believes that those cases of pulmonary 
lesions, in which the sputum is negative but 
in which a trace of albumen is found, granted 
that the other important signs and symptoms 
of tuberculosis are present, should be 
looked upon as in all probability tubercu- 
losis and treated as such. Care of the teeth 
and a proper dietetic regime are mentioned.— 
The Treatment of Pulmonary Tuberculosis 
by Antimony, P. Moxey, Brit. J. Tuberc., 
October, 1928, xxii, 173.—(J. S. W.) 


Calcium and Parathyroid Treatment 
of Tuberculosis.—Thirty cases of pulmo- 
nary tuberculosis received calcium or para- 
thyroid therapy for from six weeks to 
twelve months. The calcium content of the 
blood-serum in pulmonary tuberculosis 
varies only within normal limits, namely, 
9-12 mgm. per 100 cc. In those cases 
responding favorably to treatment the cal- 
cium content can be raised to the maximum 
of normal limits. The administration of 
calcium or parathyroid must be continued 
over a prolonged period if calcium retention 
is to be promoted. A combination of para- 
thyroid extract with calcium lactate has 
proved as effective as any. The conclusion 
drawn from this study is that a definite 
relationship exists between pulmonary tuber- 
culosis on the one hand and calcium metab- 
olism and parathyroid function on the 
other.—Co- Relation of Calcium Metabolism, 
Parathyroid Function and Chronic Pulmo- 
nary Tuberculosis (II), P. Ellman, Tubercle, 
March, 1929, x, 257.—(W. I. W.) 


Arsenic-Iron Preparations in Pulmo- 
nary Tuberculosis.—The author tested 
various arsenic-iron preparations in the 
treatment of pulmonary tuberculosis, and 
did not find that arsenic-duploferrin pos- 
sessed any particular advantages over the 
other arsenic-iron preparations. The leuco- 
cyte picture was not influenced, nor did it 
permit any prognostic deductions in so far 
as future ability to work was concerned.— 


Uber Arsen-Duploferrin und einige andere, 
Ghnliche Arsen-Eisenmittel bei Lungentuber- 
kulose. Zugleich ein Beitrag sur Frage des 
weissen Blutbildes, A. Riiberg, Beitr. 
Klin. d. Tuberk., 1928, Ixviti, 480.— 


Treatment of Tuberculosis with Vig- 
antol.—Synthetic oils may be irradiated 
with ultraviolet light and thus be rendered 
capable of curing rickets. Such a fact 
marks a great advance, because it makes 
prophylactic treatment with light available 
to many people and prevents the congrega- 
tion of people in crowds which favors spread 
of infection (measles, pertussis) at prophy- 
lactic stations, etc. Is such a procedure 
possible in tuberculosis? Is it possible to 
treat tuberculous people in remote parts of 
the country by supplying them with irra- 
diated stearine, etc.? With the introduction 
of Vigantol (description not given) on the 
market, experiments were begun to elucidate 
this point. Forty guinea pigs were infected 
with tubercle bacilli, and three months later 
were given treatment which consisted of the 
daily administration of 12 mgm. of this 
product per kilogram. The average dose 
to children is 10 mgm. per kilo. No dele- 
terious results followed. Several children 
were then treated with doses slightly larger 
than the therapeutic dose for rickets. This 
was increased and results were gratifying. 
But in most of the children so treated, 
whether they had active or quiescent tuber- 
culosis, there were obvious signs of renal 
damage, for the urine contained albumin, 
white blood cells and casts and sometimes 
red blood cells. This was usually transient. 
It is of more than passing interest that when 
this drug is given to nontuberculous, rachitic 
children, no such appearances occur in the 
urine.—Vigantol bet tuberkulisen Kindern, 
Bamberger and Spranger, Deutsche med. 
Wehnschr., July 6, 1928, liv, 1116.— 
(H. S. W.) 


Combined Febrile and Expectorant 
Treatment in Pulmonary Tuberculosis. 
—Neo-Toramin (trichlorbutylmalonic acid 
dimethylamidophenyldimethyl-pyrazolon) is 
recommended as a combined antipyretic and 
expectorant. The action of Toramin in 
loosening secretion and acting as a sedative 
to cough, without having the associated un- 
desirable affects of the narcotics of the 
morphine group, is well known. WNeo- 
Toramin possesses an advantage over py- 
ramidon in producing antipyretic effects in 
smaller doses. Since the combination Tora- 
min amidopyrin differs from pyramidon in 
not acting directly upon the heat centre, but 
by exerting a sedative action upon the sleep 


46 THE AMERICAN REVIEW OF TUBERCULOSIS 


centre, there results an effect upon the fever 
without the harmful perspiration occuring 
with pyramidon. The dosage must be in- 
dividualized. If the temperature does not 
exceed 38.5° 0.2 gm. of the combination is 
given initially three to five times a day and 
is gradually increased until an afebrile 
condition setsin. Focal or general reactions 
have never been observed.—Bemerkungen 
zur kombinierten Therapie des Fiebers und 
der Expektoration bei Lungentuberkulose, 
M. Baumwvell, Zeitschr. f. Tuberk., 1928, 1, 
229.—( H. J. C.) 


Alpha Lobelin as Respiratory Stimu- 
lant.—Alpha lobelin is a definite stimulant 
to the respiratory centre. Simulation is 
confined not to that centre alone, but affects 
the associated medullary centres in a like 
degree. The toxicity of the drug is so great 
that its extensive clinical use is inadvisable 
if not actually dangerous.—Alpha Lobelin 
asa Respiratory Stimulant, W. R. Marshall, 
Arch. Int. Med., August, 1928, xlii, 180.— 
(W. I. W.) 


Influence of Pyramidon on Subfebrile 
Temperatures.—In 1916 the author re- 
ported that subfebrile temperatures caused 
constitutionally, and those caused by disease, 
can be differentiated by the administration of 


pyramidon. The former type is not influ- 
enced by the usual dosage of the drug. Inso 
called juvenile tuberculosis, that is, the late 
form of generalized tuberculosis without 
localization in organs, pyramidon some- 
times does not depress the subfebrile tem- 


perature. An habitually increased tem- 
perature is more frequent in this type of 
patient. It is quite possible that this is a 
coincidence and not always dependent on 
the presence of tuberculosis. It is then 
likely that the patient who does not react 
with.a decrease of temperature upon the 
administration of pyramidon has a constitu- 
tionally increased temperature.—Die Be- 
einflussbarkeit subfebriler Temperaturen durch 
Pyramidon, J. Holl6, Wien. klin. Wehnschr., 
alii, 369.—(M. P.) 


Climatic Allergens in Asthma and 
Tuberculosis.—The relations of climatic 
influences, temperature, wind, barometric 
pressure, humidity and rain, are believed to 
be solved in respect to the dust in houses of 
asthmatic cases which is influenced by these 
conditions. The dust is also altered by 
certain moulds, such as aspergillis, penicil- 
lium, and others, as well as mites. Intra- 
cutaneous and subcutaneous injections of 
extracts of dust from such “asthma” 
houses resulted positively in the inflicted 
and negatively in the nonafflicted, and 


therefore these substances are designated as 
allergens. Home and bed hygiene, that is, 
freedom from moisture and prevention of 
the presence of microdrganisms in the bed 
material, are far more weighty in the treat- 
ment of asthma than all kinds of specific 
and nonspecific desensitization. These same 
conceptions can be transferred to tubercu- . 
losis in all its stages according to the newer 
observations of the author.—Asthma und 
Tuberkulose im Zusammenhang mit Klimaal- 
lergenen, W. S. van Leeuwen, Beitr. 2. Klin. 
d. Tuberk., 1928, lxviti, 703.—( H. J. C.) 


Asthma.—Physiological and histological 
observations were made on dogs, guinea pigs 
and one monkey with regard to the symp- 
toms and changes produced by various types 
of stimulation of the vagi in the neck. In 
many cases the resultant changes in the 
lungs, bronchial constriction, bronchorrhoea, 
cellular infiltration, and emphysema were 
similar to that seen in asthma. The studies 
thus establish a physiological basis for the 
reflex nature of certain types of asthma. 
These experiments form the basis for the 
suggestion that in certain types of intract- 
able asthma posterior mediastinotomy, with 
section of the bronchial branches of the vagi, 
using the extrapleural approach might be 
considered.—Experimental Study of the 
Effects of Stimulation and Section of the 
Vagal Innervation to the Bronchi and their 
Possible Relation to Asthma, H. T. R. 
Mount, Am. J. M. Sc., May, 1929, clxxvii, 
697. —(W. I. W.) 


Ephedrine in Asthma and Whooping- 
Cough.—Ephedrine has a definitely bene- 
ficial effect on moderate attacks of asthma, 
their number and severity being diminished 
or even completely aborted. It has no effect 
on severe attacks of either simple or com- 
plicated asthma. Its effect in pertussis is 
to relieve the viglent cough, the whoop and 
vomiting, in mild or moderate cases; in 
severe cases there is no effect at all. The 
progress of the infection is not influenced, | 
the relief being limited to the mechanical 
factor. Ephedrine appears to act by re- 
lieving the local spasm in the bronchocon- 
strictors. This spasm is produced by the 
irritant effect of the tough mucous mem- 
brane, made hypersensitive by the toxins of 
B. pertussis. By relief of this spasm the 
irritant mucous can be removed without the 
violent expiratory efforts or coughs which 
are usually necessary. The paroxysms are 
thus made shorter and less severe, and hence 
in favorable cases the whooping and vomiting 
disappear. Belladonna paralyzes the bron- 
choconstrictors, and thus aids the action of 
ephedrine, which stimulates the broncho- 
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dilators. If belladonna be given with ephe- 
drine it is necessary to antagonize the “‘dry- 
ing effect on the secretion” of the former 
drug by giving an expectorant. In bring- 
ing about this effect ephedrine in no way 
pas Been the course of the infection, but 
simply relieves the mechanical difficulty of 
removing the secretion and hence minimizes 
the exhausting efforts on the part of the 
child—The Use of Ephedrine in Asthma 
and Whooping-Cough, H. H. Stewart, Brit. 
M. J., February 16, 1929, no. 3554, 293.— 
(W. I. W.) 


Asthma with Colds.—The results in 97 
patients, who were subject to colds and were 
treated with mixed streptococcus vaccine, 
are reported. Thirty-seven were children. 
Twelve of these 37 children were susceptible 
to colds only. Previous to treatment 43 of 
the patients were accustomed to have four 
or more colds a year, and 54 to have four 
or more attacks of asthma which were always 
associated with colds. The patients were 
treated periodically with a vaccine, consisting 
of the most prevalent types of streptococci 
for each respective period. Thirty-nine 
patients were treated or were under observa- 
tion for five or more years, 28 others for 
four years, and 30 others for three years. 
Following the treatment 18 per cent of the 
patients were free from colds and asthma 
associated with colds; 12 per cent were 
practically free; 19 per cent had only one or 
two colds during the period of from three to 
five or more years during which they were 
treated or under observation, and 10 per 
cent were free from colds for a year or more 
following each course of vaccine. There- 
fore, 59 per cent of the patients obtained 
either freedom or comparative freedom from 
colds and asthmatic colds for a period of a 
year or more following each course of vac- 
cine treatment. Sixteen per cent of the 
patients required more than one course of 
vaccine a year; their freedom from colds 
varied from six to eleven months after each 
course of treatment. In 20 per cent of the 
patients the results represented some com- 
bination of those already mentioned and 
were too complex to classify; for example, 
following the first course of vaccine the 
patient might be free from colds for months, 
following another practically free for a year, 
and following a third entirely free for a year 
or more. In 36 per cent of the patients, 
therefore, the results were satisfactory for 
periods of more or less than a year, and the 
frequency of colds was reduced by 50 or 75 
percent. Five per cent of the cases in which 
the patients did not show any benefit follow- 
ing the course of vaccine are called failures. 
Each year the vaccine consisted of those 


streptococci which represented between 85 
and 90 per cent of the prevailing types. It 
is possible, then, that other varieties of 
streptococci, which were less prevalent and 
yet comprised from 10 to 15 per cent of 
those encountered, could cause colds in 
patients who were not entirely free from 
colds. A later paper will present evidence 
that this is the case; also that Staphylococcus 
pyogenes aureus sometimes seems to be a 
cause of colds.—Colds, and Asthma Asso- 
ciated with Colds, J. C. Walker, Arch. Int. 
Med., April, 1929, xliti, 429.—(W. I. W.) 


X-Ray Treatment of Asthma.—Of 121 
cases of asthma treated by X-rays, 89 de- 
rived definite benefit. The cases were 
grouped into three classes: class A, asthma 
subdivided into paroxysmal 31 and chronic 
19; class B, asthma with bronchitis 53; and 
class C, chronic bronchitis with asthma and 
usually emphysema, 18. Although the ages 
of the patients do not appear to affect the 
initial results, there is a tendency to recur- 
rence in those treated under six years of age. 
The average age of those treated was 40 
years.— Treatment of Asthma by Radiation, 
S. G. Scott, Brit. M.J., January 5, 1929, no. 
3548, 9.—(W. I. W.) 


Pollen Content of Air.—Studies made 
through exposing greased microscopic slides 
to the air under different conditions of air 
stillness, natural air motion, and air put in 
motion artificially, prove that the pollen 
content of still air is practically nil. In a 
room closed for one day the pollen deposited 
in 24 hours on a unit of surface was only 3 as 
compared with about 300 deposited within 
thirty seconds by air behind an airplane 
propeller at a height of 3,000 feet. Recur- 
rences in the case of treated patients who 
should remain clinically well can often be 
explained by a motor or railroad trip on 
days when the air is filled with pollen. A 
closed room is a good place for treatment 
when the outside air is laden, there being 
no contraindication to the use of an electric 
fan if the room is clean.—The Pollen Con- 
tent of Still Air: Its Relationship to the 
Symptoms and Treatment of Hay-Fever and 
Asthma, W. W. Duke, J. Am. M. Ass., 
December 1, 1928, xci, 1709.—(G. L. L.) 


Tuberculin in Asthma.—Within the 
past few years considerable interest has been 
awakened in the treatment of asthma with 
small doses of tuberculin. The credit for 
this is due largely to van Leeuwen, of Leyden, 
who, working with a large series, claims that 
about 50 per cent are almost completely 
cured and about 25 per cent improved under 
tuberculin treatment. As most of van Leeu- 
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wen’s cases were adults it was considered 
important to try the effect of tuberculin on 
the asthma of children. Twenty-four asth- 
matic cases were therefore chosen from the 
children’s out-patient department of St. 
Thomas’s Hospital, all of which had symp- 
toms for two years or longer. These cases 
had been treated with potassium iodide and 
adrenalin, and any source of infection in the 
mouth or pharynx had been eradicted. All 
cases were examined clinically and radiologi- 
cally to exclude as far as possible pulmonary 
fibrosis and enlarged mediastinal nodes. 
The average age was 7.5 years and the 
Wassermann reaction was negative in every 
case. Forty-five per cent gave definitely 
positive Pirquet reactions. However, the 
treatment appeared equally efficacious 
whether the cutaneous reaction was positive 
or negative. In all cases Old Tuberculin 
was used, and injections were given sub- 
cutaneously once a week; 385 injections were 
given in all, and a general reaction was noted 
in 2 cases and a definite local reaction in 5. 
The usual procedure was to start injections 
with 0.1 cc. of a dilution of 1 in 1,000,000, 
and increase the dose on each occasion by 
0.1 cc. or 0.2 cc., until 0.1 cc. of a 1 in 100,000 
dilution was reached. Beyond this the dose 
was increased very gradually until the opti- 


mum quantity was found for each individual 
case. The author does not mention what 
the indications are that this point has been 
reached. When once the correct quantity 
is obtained, it is not advisable to increase 
the dosage as an attack of asthma is likely 
to be brought on. Two separate courses 
of treatment were given with an interval of 


two months, the average number of injec- 


tions for the first course being 15 and for 
the second 10. Of the original 24 cases, 3 
were unaffected by treatment and were 
discharged and 2 left the district. Thus 
19 had fairly regular treatment, but only 2 
of these can be said to be cured. Of the 
remainder, however, 15 stayed practically 
free from symptoms while under treatment, 
but lapsed to a varying degree between the 
courses and since treatment was discontinued. 
Admittedly these results are not striking 
and do not harmonize with van Leeuwen’s 
claims that 50 per cent of cases are curable 
by this means. On the other hand the fre- 
quency and intensity of the asthmatic at- 
tacks can be diminished and this in itself is 
a justification for the more extended use of 
tuberculin in the treatment of asthma.— Note 
of the Treatment of Asthma in Children with 
Tuberculin, T. M. November 
10, 1928, ccxv, 972.—(J. S W.) 


Key to Abstractors 


SSOP 


: Andrew Peters, Pittsfield, Mass. 
cM.: B. T. McMahon, Loomis, N. Y. 
: E. H. Kerper, Loomis, N. Y. 
:G. L. Leslie, Detroit, Mich. 
: H. J. Corper, Denver, Col. 
: H. S. Willis, Baltimore, Md. 
a Stanley Woolley, Loomis, N. Y. 
“Men Pinner, Northville, Mich. 
: Park J. White, St. Louis, Mo. 
. W. I. Werner, Northville Mich. 


e 


THE 


AMERICAN REVIEW OF TUBERCULOSIS 
ABSTRACTS OF TUBERCULOSIS 


VoLUME XXI 


MARCH, 1930 


Asst. No. 3 


CONTENTS 


Cardiac Asthma.—Cardiac asthmatic 
attacks usually occur at night. Left ven- 
tricular failure due to any one or a combina- 
tion of several factors, with resultant stasis 
of blood and pulmonary oedema, appears 
responsible for the attacks, but the exact 
mechanism is not clear. Ina group of 250 
cases discovered among 3,100 patients with 
organic heart disease, 180 were males, and 
all but fourteen were over 40 years of age. 
The grave prognostic significance of the 
condition is shown by the fact that 170 of the 
250 patients died, with an average duration 
of life of 1.4 years after the first attack of 
asthma. The largest number of cases, 187, 
was found in the group with coronary disease, 
hypertension, or both, but the highest rela- 
tive incidence occurred in syphilitic heart 
disease (21 per cent) and in chronic nephritis 
(19 per cent). The frequency, duration 
and severity of the attacks altered the prog- 
nosis appreciably only when of extreme de- 
gree. The coincidence of poor heart-sounds, 
gallop rhythm and pulsus alternans indicated 
a very short life. Aortic regurgitation was 
the only common valvular defect, occurring 
in 63 cases of the 250. In therapy, digitalis 
and rest were generally effective in reducing 
the number of attacks and apparently in 
prolonging life. In the acute attacks nitrites 
and alcohol were sometimes helpful, but 
morphine was of the greatest value.— The 
Clinical Significance of Cardiac Asthma: 
Review of Two Hundred and Fifty Cases, R. 
S. Palmer and P. D. White, J. Am. M. Ass., 
February 9, 1929, xcii, 431.—(G. L. L.) 
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Asthma and Eczema.—In an effort to 
determine the relation of eczema to allergy, 
a study was made of 239 cases of eczema in 
children and 84 in adults, referred because 
of the possibility of allergy and the failure 
of other treatment. The children ranged in 
age from two weeks to twelve years. In 
children skin tests with food and dust aller- 
gens were positive in 52 per cent, but in the 
27 cases complicated by asthma they were 
positive in 88 per cent. In adults only 38 
per cent gave positive skin reactions, al- 
though the percentage was 70 in the 40 
cases (47 per cent of the entire group) com- 
plicated by asthma and hay fever. Eczema 
in children began before the end of the sec- 
ond year in 95 per cent of the cases, and it 
was slightly more common in boys. In 
adults the onset varied from infancy to 60 
years of age and was much more common in 
women. In the children, egg, wheat and 
milk caused positive reactions in all but 12 
of the 125 reactors, and improvement oc- 
curred in 83 per cent after elimination of 
these foods. With empirical removal of 
these foods in 92 test-negative patients, the 
eczema was improved in 38 per cent. 
Among the test-positive adults, foods caused 
a positive reaction in only three. A positive 
family history of allergy was found in 28 per 
cent of the children and in 37 per cent of the 
adults. Among the children a “cure” of 
eczema has occurred in 36 per cent, but ir 
the adult group, of 65 patients followed, 
the percentage is only 18, which compares, 
however, with 20 per cent of “cures” in 
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asthma. In eczema, as in asthma, the data 


suggest that the former can disappear spon- 
taneously when the hygienic background is 
good and ordinary irritating causes are 
eliminated.— Studies in Asthma: VI Eczema: 
Its Relation to Allergy, E. S. O’ Keefe and 
F. M. Rackemann, J. Am. M. Ass., March 
16, 1929, xcii, 883.—(G. L. L.) 


Prognosis in Hay Fever.—In a total of 
410 patients with ragweed hay fever, relief 
of symptoms, which appears to be complete 
and permanent and without further treat- 
ment, has occurred in 26 patients, or 6.3 per 
cent. The relief has persisted for an average 
duration of 4.6 years. This relief (“cure’’) 
does not depend upon the total number of 
years of treatment, nor does it apparently 
depend upon a particular technique of treat- 
ment. “Cures” among patients with early 
hay fever occur in 7 per cent, a comparable 
figure. Inasmuch as skin tests may be 
positive in the presence of long-standing and 
complete relief, “cure”? must be, in most 
cases, a clinical rather than an immunologi- 
cal phenomenon.—The Ultimate Prognosis 
in Hay Fever, F. M. Rackemann, Am. J. 
M. Sc., March, 1929, cluxvii, 333.—(W. I. W.) 


Chest Injuries.—Trivial injuries to the 
thoracic wall may give rise to rupture of the 
lung and spontaneous pneumothorax. Ra- 
diology plays a very important réle in the 
detection of such conditions. Fracture of 
the ribs may result in a haematoma from 
rupture of an intercostal artery. This can- 
not be detected in the roentgenograph unless 
large enough to cause bulging inward of the 
pleura or considerable swelling of the sub- 
cutaneous tissues. Very rarely it fails to 
resolve, and results in calcified plaques in the 
chest wall. Traumatic pleurisy may occur 
without associated injury. Pleural effusion 
rarely results. Many cases have been en- 
countered in which haemothorax was not 
detected in the roentgenograph made soon 
after the injury, but only at reéxamination 
several days later, probably due to the fact 
that oozing from the lung may continue for 
a long time. The radiographic picture of 
recent haemorrhagic effusions may vary 
somewhat from those of the ordinary type. 
The blood spreads itself out in a thin layer 
between lung and parietal pleura, causing a 
diffuse haziness from apex to base. The 
shadow is less dense than that seen in ordi- 
nary pleuralleffusions, and the ribs can be dis- 
tinguished through the involved area. The 
costophrenic angle is not obliterated, and 
there is a similar uniform density over the 
entire apex. Radiographically, haemor- 
rhage into the lung shows an area of definite 
haziness, with large irregular blotchy areas 


of increased density,—but no clearly defined 
areas of infiltration or consolidation. A 
traumatic pneumonia may develop any time 
from one to ten days after injury, and usually 
takes on the form of lobar pneumonia.— 
Injuries to the Chest: A Radiologic Study, 
L. R. Sante, J. Am. M. Ass., November 24, 
1928, xci, 1603.—(G. L. L.) 


Septic Bronchopulmonary Infections. 
—These comprise a group of conditions that 
are common and varied in their clinical 
manifestations and therapeutic demands, and 
are found at all ages and in all walks of life. 
Chronic cough and purulent sputum are the 
most frequent symptoms, to which more 
importance should be attached in their 
earlier stages, but they are so common as to 
be regarded as necessary afflictions until 
bronchiectasis has become established or 
bronchopneumonia has developed. Among 
the candidates for these infections are the 
child who aspirates a foreign body, the boy 
of 15 who has coughed and spat since an 
attack of whooping-cough, and the patient 
with purulent nasal discharge, infected 
tonsils or sinus disease. The relationship 
between upper and lower respiratory tracts 
in many of these infections has been clearly 
demonstrated, and the pulmonary bases 
have been called “cesspools” for upper 
respiratory infections. A suppurative con- 
dition in the upper respiratory tract may 
cause infection and weakening of the bron- 
chial wall: desquamation of ciliated epithe- 
lium, bronchial dilatation and stagnation of 
secretions result; then growth of putrefactive 
bacteria and further weakening of the bron- 
chial wall and extension of infection; and 
eventually there is extension to the pulmo- 
nary parenchyma, bronchopneumonia, and 
its legacy of fibrosis and pulmonary damage. 
Extension to the pleura may occur, with 
pleuritis or empyema. The history is most 
important. Septic emboli or infarcts, fol- 
lowing abdominal operations or secondary 
to ulcerative endocarditis or phlebitis or 
perinephric abscess, are all important 
aetiological factors.. Foreign bodies, malig- 
nant disease, enlarged lymph nodes at the 
root of the lung, aneurysms and mediastinal 
conditions, act mechanically to cause bron- 
chial obstruction and secondary septic in- 
fections. Churchill and MHolmes have 
emphasized the relation between atelectasis 
and suppuration. Fibrosis following pneu- 
monia and constricting small bronchi may 
result in the gradual onset of septic infection. 
It is important that early infections of the 
upper respiratory tract be not allowed to go 
unheeded. There is a definite train of 
events between sinus infection and bronchial 
infection. Most important in diagnosis is a 


careful and painstaking history. Also, 
more attention should be paid to the amount 
and character of the sputum and to search 
for small bits of tissue, concretions, casts, 
elastic fibres and such microérganisms as 
spirochaetes or fusiform bacilli. Serial 
X-rays or X-ray films taken in different 
positions may be of considerable value. 
Bronchoscopic examination should be done 
when there is a possibility of foreign body or 
malignant tumor or bronchial stenosis. The 
use of lipiodol is valuable in certain cases, 
especially when the lesion is concealed by 
the heart shadow. The heart is often dis- 
placed to the side of the lesion and the dia- 
phragm is elevated. The roentgenographic 
appearance is that of a triangular shadow 
with apex toward the hilum and hypothenuse 
running along the diaphragm. When a 
definite diagnosis cannot be made the generic 
term of “septic bronchopulmonary infection” 
or “chronic bronchopulmonary suppuration” 
is employed. A better classification is 
needed, and the form of treatment must 
depend on the severity of the disease. The 
importance of rest in all these cases needs 
emphasis, especially following bronchopneu- 
monia and acute upper respiratory infections. 
In bronchiectasis the symptoms often go 
back many years and in some respects sug- 
gest tuberculosis. It is surprising that 
chronic cough and purulent sputum should 
be so widely regarded as trivial symptoms or 
a necessary result of climate. Removal of 
septic foci in the sinuses, antra, tonsils and 
teeth is equally important. A clean mouth 
should precede tonsillectomy. Postural 
drainage is another valuable method of 
treatment if it is intelligently carried out. 
When there is much sputum it is inadvisable 
to check cough by medication. Broncho- 
scopic drainage is of benefit, especially when 
there has been bronchial stenosis and in the 
case of lung abscess near the hilum. In 
these good results have also been reported 
by pneumothorax. Neither is of much value 
in bronchiectasis; when this is severe and 
limited to one lobe, lobectomy or thoraco- 
plasty should be considered, and in some 
cases phrenicotomy, which by raising the 
diaphragm and changing the position of the 
bronchi, may facilitate drainage.—Septic 
Bronchopulmonary Infections, R. Clifford, 
J. M., April 4, 1929, cc, 694. 


Treatment of Unilobar Chronic 
Bronchopulmonary Suppuration.—Two 
and one-half years ago a thoracic service or 
clinic was established at the Massachusetts 
General Hospital with two surgeons, two 
medical men and a bronchoscopist in charge. 
A type of case of particular practical interest 
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is that with a chronic suppurative lesion, 
nontuberculous, limited to one lobe and 
commonly designated as bronchiectasis; a 
more precise term is “chronic bronchopul- 
monary infection with bronchial dilatation.” 
All methods of treatment other than surgical 
extirpation are merely palliative and non- 
curative. Medical treatment in a warm 
dry climate, with postural drainage, pro- 
longs life and increases comfort, while 
regularly repeated bronchoscopy with aspira- 
tion of pus, and possibly dilatation of stric- 
tures and removal of granulation tissue, 
certainly relieves septic symptoms and 
reduces the amount of sputum. Injection 
of medicated oils, and irrigations of the 
bronchial tree are not considered of thera- 
peutic value. For diagnostic purposes, 
although much has been written about lipio- 
dol and certainly some very imposing X-ray 
films can be obtained, it is in most cases un- 
necessary and it js not at all certain that it 
may not add to the dangers of carrying 
infection into the sound lung, where it is 
often scattered by coughing. Artificial 
pneumothorax, again, may bring about well- 
marked temporary improvement but is 
rarely curative. Infected pleural exudates 
are a not uncommon complication, and 
sometimes virulent empyemata develop 
from rupture of the infected lung area into 
the pleura. Drainage of large bronchial 
dilatations is quite justifiable for temporary 
relief but not curative. Graded thoraco- 
plasty is also merely palliative and rarely 
advisable when only one lobe is involved. 
Ideal cases for lobectomy are those limited 
to a lower lobe, which is shrunken and atelec- 
tatic and often overlapped by an over in- 
flated upper lobe. It shows on X-ray as a 
small triangular shadow based on the dia- 
phragm. Intrapleural amputation of a lobe 
carries a high mortality and has been aban- 
doned at the Massachusetts General Hospi- 
tal. The method devised and previously 
described by Whittemore involves three 
distinct principles: (1) shutting off the local 
blood supply, (2) fixing the mediastinum, 
and (3) allowing for a gradual infection. 
Infection of the pleural cavity is bound to 
follow lobectomy for septic conditions. If 
it takes place rapidly it gets beyond control, 
spreads, and causes death; if, however, the 
lobe can gradually become gangrenous and 
slough off, its blood-supply being occluded, 
the infection will be slow and the patient 
can withstand it. Technique and Results: 
Under gas-oxygen and ethylene anaesthesia 
the pleura is opened, and the diseased lobe 
examined to determine the extent of the 
lesion and adhesions, which ought to be 
firm. If lobectomy is decided on, sufficient 
rib sections are removed so that the diseased 
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part may be delivered after the severance of 
adhesions and pulmonary ligament. The 
lung, by deep sutures, is fastened to the 
muscles of the chest-wall with chromic cat- 
gut and heavy linen thread. A large gauze 
sponge is placed beneath it and a no. 20 
French catheter placed near its root, shut 
off, and the wound closed tightly. The 
portion of protruding lung will usually be 
about the size of an orange. In about ten 
days necrosis is complete and a foul dis- 
charge sets in, lasting three to five weeks, 
after which the whole area sloughs off, leav- 
ing a clean granulating stump showing a 
bronchial fistula. The cough meanwhile 
gradually diminishes, to finally cease in suc- 
cessful cases. The wound is lightly packed 
daily until it closes. Patients rarely remain 
over six to eight weeks in the hospital. Of 9 
cases operated on, 2 died (of sepsis and pneu- 
monia), 6 have recovered completely and are 
well, and 1 has a persistent fistula and disease 
in the good lung. Graham of St. Louis has 
also had satisfactory results in several pa- 
tients thus treated—The Treatment of 


Chronic Broncho-Pulmonary Suppurative Le- 
sions Limited to One Lobe of the Lung, W. 
Whittemore, New England J. M., December 
13, 1928, cxcix, 1213.—(A. P.) 


Bronchoscopy in Acute Lung Abscess. 
—The bronchoscope is directly responsible 
for rekindled interest in lower respiratory 
infections. Direct visibility upon the patho- 
logical process, the securing of uncontami- 
nated cultures, bronchial aspiration, and 
topical medication of the bronchial mucosa 
have already been fully elaborated on. The 
first consideration in lung abscess, whether 
central or peripheral, if without pleural in- 
volvement, should be bronchoscopy, and the 
secret of success is early diagnosis and treat- 
ment. Nothing is more dramatic or fas- 
cinating to observe than the abrupt change 
in the picture of acute lung abscess fol- 
lowing bronchoscopy. Profound toxaemic 
symptoms, as well as incessant cough, gastric 
disturbance and indescribably offensive 
breath, subside so quickly as to warrant the 
conclusion that here is truly a life-saving 
procedure. Removal of purulent secretions 
alone can scarcely account for this, since 
the coughing up of an equal quantity has 
but little effect. Dilatation and more ade- 
quate drainage of the dependent bronchus 
or bronchi are doubtless more important 
factors. Injection of lipiodol has been 
disappointing in localizing and delineating 
these abscesses, in none of Johnson’s cases 
adding materially to information otherwise 
obtainable. Johnson uses no general anes- 
thesia for bronchoscopy, but moderate 
narcosis with morphine and scopolamine, 


followed by cocainization of the superior 
laryngeal nerves in the pyriform sinus. 
Four case reports are included. While the 
possibility of spontaneous recovery cannot 
be denied, the fact that all four are well after 
bronchoscopy is so unusual as to warrant a 
connection with the procedure.—Broncho- 
scopy in Acute Lung Abscess, L. F. Johnson, 
New England J. M., January 10, 1929, cc, 
64.—(A. P.) 


Sputum in Chronic Lung Infections. 
—Direct microscopic examinations and 
studies of cultures were made of 2,373 sputa 
from 304 patients. Of these 304 patients, 
62 had neither tubercle nor fungus infec- 
tions; 242, or 6.61 per cent, were infected 
with the tubercle bacillus only; 27.27 per 
cent with tubercle bacilli and blastomycetes; 
and 66.11 per cent with blastomycetes only. 
—Differential Diagnosis of Sputum in 
Chronic Lung Infections, P. J. Marett, Brit. 
M.J., May 4, 1929, n0.3565, 808.—(W. I. W.) 


Bacteria of Lung Abscess and Bron- 
ehiectasis.—In this study the microérgan- 
isms found in the sputum, pus, and patho- 
logical tissues from patients suffering with 
lung abscess and bronchiectasis are recorded 
and described. All fresh specimens were 
stained by the Gram and Fontana methods. 
Cultures were then made aerobically and 
anaerobically on 5 per cent rabbit-blood- 
agar plates. Gram stains were made from 
the various colonies and the morphological 
characteristics recorded. To complete the 
identification of the various stains media 
containing different sugars were inoculated 
and other media were used when the occa- 
sion demanded. Anaerobes were recultured 
aerobically to differentiate the facultative 
aerobes from the true anaeroboic microbes. 
All material was stained to determine the 
presence of tubercle bacilli. Tuberculous 
cases were excluded from this report. The 
bacteriology of lung abscess and bronchiec- 
tasis is that of a very mixed group of micro- 
organisms. Morphologically and cultur- 
ally these microérganisms are similar to those 
found about normal and diseased teeth and 
tonsils. In cultures from 16 cases of lung 
abscess, haemolytic Staphylococcus aureus 
was the pyogenic microdrganism most fre- 
quently found (80.75 per cent of this series). 
The percentage of incidence of other micro- 
organisms is as follows: haemolytic strepto- 
coccus 68.75 per cent; Micrococcus catar- 
rhalis 63.5 per cent; Bacillus xerosis 43.75 
per cent; pneumococcus 18.25 per cent 
(type IV most commonly found); and Muco- 
sus capsulatus, fusiform bacilli and Staphy- 
lococcus aureus, each 18.25 per cent. The 
haemolytic streptococcus, pneumococcus and 
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Mucosus capsulatus were facultative anaer- 
obes, growing very little or sometimes not 
at all aerobically on first culture. On 
further transplanting, these microérganisms 
would almost invariably grow aerobically. 
This was especially true of direct cultures 
from the wound. Cultures from 7 cases of 
bronchiectatic abscess yielded the following 
results: haemolytic Staphylococcus aureus 
and Micrococcus catarrhalis, each 85.9 per 
cent; haemolytic Streptococcus 57.2 per 
cent; Mucosus capsulatus 42.9 per cent; and 
Streptococcus viridans 14.3 per cent. In 11 
cases of bronchiectasis, Staphylococcus aureus 
was found in 60 per cent of the cases: 
Micrococcus catarrhalis 90 per cent; hemo- 
lytic Streptococcus and Mucosus capsulatus, 
40 per cent each; Bacillus xerosis 30 per cent; 
fusiform bacillus 10 per cent and pneumo- 
coccus 40 per cent. In addition to the 
microdrganisms in the foregoing lists the 
sputum cultures contained many saprophytes 
such as yeast spore-formers, spirilla etc. 
These microédrganisms were not recorded. 
When both sputum and wound cultures were 
obtained they were usually found to contain 
the same microérganisms. At the time that 
this work was done the importance of 
immediate staining for spirochaetes was not 
realized. Because of this, although spiro- 
chaetes were found in some of the cases, 
this report is limited to the bacterial findings 
with the exception of one case (no. 11) 
which is reported in detail. This patient 
suffered from multiple recurrent lung 
abscesses, on one of which cautery pneumec- 
tomv was done and in the other surgical 
drainage was established. The usual micro- 
organisms were obtained from both these 
lesions plus a large variety of spirochaetes 
as revealed by Fontana’s stain. These 
varied in length from 4 to 25 micra, and the 
number of spirals from 2 to 18. On dark- 
field examination motion was_ variable. 
Some were jerky and moved rapidly; others 
had slow snake-like movements. Cultures 
of these spirochaetes were made in a special 
medium (fresh diluted horse-serum) anaer- 
obically. Subculturing was tried repeatedly, 
but was successful only in the first transplant 
from a young culture. The motility of the 
spirochaete in the primary cultures lasted 
only 14 days, and only about 72 hours in 
the successful subcultures. As the spiro- 
chaetes in these cultures were morphologi- 
cally quite constant it is probable that only 
one of the apparently many types present 
survived. It is difficult to classify this 
spirochaete but it probably should be placed 
in the Leptospira group. After a course of 
three injections of arsphenamine the number 
of these spirochaetes so greatly diminished 
that they could be found only with great 
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difficulty. Some months later, however, 
they were again abundant; and another 
series of injections of arsphenamine was 
followed by no noticeable diminution in 
their number. The fact that the predomi- 
nating microérganism in all these cases has 
been Staphylococcus aureus (75 per cent of 
cases) might be considered to lend some 
support to the idea that most pulmonary 
abscesses are embolic in origin rather than 
due to inhalation and in this respect they 
are analogous to abscesses of the bones. 
Too much weight must not be placed on 
such evidence for it has recently been shown 
that lung abscess can be produced experi- 
mentally by inhalation —Microdrganisms 
of Lung Abscess and Bronchiectasis, L. H. 
Ermatinger, J. Infect. Dis., November, 1928, 
xliti, 391.—(J. S. W.) 


Roentgenology of Pulmonary Gan- 
grene.—Postoperative pulmonary gangrene 
caused by fuso-spirochaetes has been rela- 
tively neglected by roentgenologists. In 
some instances the plate resembles that of 
ordinary aspiration abscess except that the 
former are likely to be less circumscribed. 
Abscess and excavation form rapidly in 
fusospirochaetal lesions without gangrene 
and the inner wall of the abscess is thick and 
dense with a hazy shadow of peripheral in- 
filtration around it. A fluid level is fre- 
quently present. If gangrene be present, 
the involved areas are much more diffuse 
and are like pneumonia. They cavitate in 
several places at one time and these may fuse 
to form a huge cavity. Sometimes this 
infection may exist as a complication of 
bronchiectasis, in which case the previously 
existing shadow spreads gradually to involve 
the lower portion of the lung, and may break 
down to form multiple cavities and may even 
rupture into the pleural cavity. Cases are 
cited.— Fuso-spirochaetal pulmonary gan- 
grene, H. P. Doub, Radiology, October, 1928, 
xt, 333.—( H. S. W.) 


Hyperventilation of Lungs and Pneu- 
monia.—Prior to the present treatment of 
carbon-monoxide poisoning by inhalation of 
carbon dioxide and oxygen, pneumonia was 
a common sequel of asphyxia, but it has 
been noted that it rarely occurs with the 
above treatment. In depressed respiration 
considerable areas of the lungs remain un- 
ventilated, the bronchioles may become 
occluded by accumulating secretions, and 
atelectasis develops. Following general 
anaesthesia, postoperative pneumonia oc- 
casionally develops in the atelectatic areas 
because of shallow breathing. Hyperventi- 
lation of the lungs by deep breathing under 
inhalation of carbon dioxide in proper 
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dilution, usually 5 per cent in oxygen, has 
proved effective in the prevention of this 
postoperative pneumonia, undoubtedly be- 
cause of the distention of these unventilated 
and collapsed areas, resulting in the clean- 
ing out of the occluding secretions. It is 
improbable that deep breathing caused by 
hyperventilation can remove much of the 
sticky secretions from a fully developed 
pneumonic area, but it may have some pro- 
phylactic value in relation to other areas of 
the lung, and tend to prevent the spread of 
the pneumonic condition; therefore it would 
seem possible that inhalation of carbon 
dioxide in oxygen might also prove of value 
in the treatment of pneumonias of other 
origin.— Hyperventilation of the Lungs as a 
Prophylactic Measure for Pneumonia, Y. 
Henderson and H. W. Haggard, J. Am. M. 
Ass., February 9, 1929, xcii, 434.—(G. L. L.) 


Pneumonia and Pulmonary Tubercu- 
losis.—In children and in adults the late 
bronchopulmonary sequellae of acute pneu- 
monia, chiefly bronchopneumonia, are often 
suspected of being, and are not infrequently 
diagnosed tuberculous. In children attend- 
ing tuberculosis dispensaries for chest ail- 
ments in poor city districts at least, they 
appear to form a large proportion of the 
cases, although there seems to be no reason 
to consider the pulmonary condition due to 
tuberculosis. It is likely that the present 
rate of incidence of these nonspecific results 
of pneumonia in adults is raised temporarily 
by the influenza pandemic of 1918-1919 with 
its subsequent waves. In contrast to the 
childhood cases, the adult patients appear 
to have become more liable to the develop- 
ment of pulmonary tuberculosis. The occur- 
rence of haemoptysis in such cases, young 
and old, is not, per se, evidence that pulmo- 
nary tuberculosis hassupervened. ‘The out- 
standing diagnostic aid is repeated examina- 
tion of the sputum for tubercle bacilli.— 
The Importance of the Late Bronchopulmo- 
nary Sequelae of Acute Pneumonia in the 
Diagnosis of Pulmonary Tuberculosis, W. 
L. Yell, Tubercle, January, 1929, x, 157.— 
(W. I. W.) 


Aspiration Bronchopneumonia.—The 
spread of pulmonary tuberculosis to the 
axillary region of the second lung is more 
common than is generally realized. Clinical 
examination of the tuberculous patient 
should be directed to the axillae, particu- 
larly in cases with recent symptoms that 
have signs of old disease at one apex. The 
type of spread is a bronchopneumonia result- 
ing from the aspiration of infected sputum, 
and therefore early pneumothorax is neces- 
sary in cavity cases with much sputum. 


Prognosis in such cases, though grave, is not 
hopeless, and resolution of the pneumonic 
process may occur.—Aspiration Broncho- 
pneumonia of the Secondarily Affected Lung 
in Adult Phthisis, J. F. Landreth and H. 
V. Morlock, Tubercle, December, 1928, x, 
101.—(W. I. W.) 


“Epitubereculous” Pneumonia.—Un- 
der the name of “epituberculous pneumonia” 
Kleinschmidt, Eliasberg and Neumann 
described a disease of childhood. The author 
contributes to this a case in an adult, in which 
the picture was that of typical pneumonia. 
None of the findings indicated tuberculosis, 
the sputum was free from tubercle bacilli, 
and the fever rapidly subsided within a few 
weeks. The roentgen picture subsequently 
revealed characteristic tuberculous, shadows 
mostly in the hilum region——Uber die 
“ebituberkulése” Pneumonie, Toenniessen, 
Centralbl. f. innere. Med., 1928, xlix, 289.— 


Early X-Ray Diagnosis of Pleural 
Disease.—A very common observation in 
roentgenological plates is a shadow above 
the right hemidiaphragm which gradually 
becomes more marked. It is given many 
different interpretations erroneously because 
of failure to ascertain a history of earlier 
abdominal disease, especially if operation 
has been done for cholecystitis or pyosal- 
pingitis. The condition is a lymphangitis 
in the pleura behind the dome of the dia- 
phragm. Such shadows have frequently 
been diagnosed as early carcinoma of the 
lung. But carcinoma practically always 
begins at the hilum, as will be evident if 
lateral plates are made. Very early tubercu- 
losis of the mediastinum often reveals itself, 
in the properly exposed and developed plate, 
as a little collection of fuzzy nodes just under 
the arch of the aorta or in this relative posi- 
tion on the right side. From this nest spring 
little fan-like shadows which are character- 
istic of tuberculosis (Dunham). Such ap- 
pearances in the plate antedate physical 
signs and appear often in nursing mothers. 
The roentgenological diagnosis of basal 
tuberculosis is difficult and can often be 
made only by exclusion and by consulta- 
tion with the clinician—The Diagnosis of 
Early Infections in the Pleural Cavity, 
Especially in the Lungs, W. H. Wallace, 
Radiology, May, 1928, x, 425.—(H. S. W). 


Empyema.—tThe surgical treatment of 
ordinary empyema is often imperative, but 
no chest should be opened without previous 
bacteriological examination. It is a great 
mistake to open the chest in cases of tuber- 
culous empyema unless the latter is compli- 
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cated by very severe mixed infection. Pneu- 
mococci in chains may simulate streptococci 
when first removed from the chest. Tuber- 
culous empyema should be aspirated and 
the thoracic cavity washed out. If opera- 
tion is imperative because of mixed infection, 
wide resection of ribs is in order, using 
thoracoplasty (in several stages) or phreni- 
cotomy as soon as possible. As a matter of 
fact, we have made but little progress in the 
satisfactory treatment of empyema.—Die 
Pleuraempyem, A. Fromme, Deutsche med. 
Wehnschr., March 30, 1929, lv, 517.— 
(H. S. W.) 


Treatment of Empyema.—The statis- 
tics of empyema reveal that of 1,310 cases 
in the London Hospital in fifteen years the 
mortality was 23.9 per cent. Two classes 
of empyema must be distinguished: those in 
which the pus lies free in the cavity of the 
thorax, and those in which it is shut off by 
adhesions. The principles to be observed in 
treatment are (1) aspiration of the pus until 
adhesions have found and sealed off the 
cavity from the rest of the thorax, and (2) 
sterilization of the empyema cavity at the 
earliest opportunity. Closed continuous 
suction will fulfil these principles more 
completely than any other method of 
treatment.— The Treatment of Empyema, 
F. G. Thomson, Brit. M. J., January 19, 
1929, no. 3550, 89.—(W. I. W.) 


Interlobar Empyema.—tThe most diffi- 
cult empyemata to diagnose are those which 
arise in abnormal situations such as the in- 
terlobar fissures. Three brief case reports 
are recorded. Physical Signs: In empyema 
of the upper interlobar fissure——Dulness in 
the second and third interspaces in front, or 
high up in the axilla, or a band of dulness at 
the level of the spine of the scapula. Reso- 
nance is diminished over the lower lobe from 
compression and congestion. Over the 
upper lobe there is diminished bronchial 
breathing from pressure; over the dull band 
very weak breath-sounds, sometimes tubu- 
lar, and, below that, weak and rather bron- 
chial breath-sounds with crepitations. The 
best place to insert a needle is in the upper 
axilla, with the arm at right angles to the 
chest: if the empyema has ruptured into a 
bronchus the remaining pus is always near 
the root of the lung, and it may be too deep 
to be reached from the axilla, and one may 
have to go in in the interscapular region or 
in the dull areain front. In the two cases of 
empyema situated between the middle and 
lower lobes diagnosed by the author there 
was no displacement of the heart to the 
left. The right chest was more or less dull 
throughout, with distant bronchial breath- 


ing with crepitations above the third inter- 
space; in the fourth space from the nipple 
out to the midaxilla there was louder bron- 
chial breathing but no crepitations and 
feeble breath-sounds below this. Poste- 
riorly there was bronchial breathing to the 
middle of the scapula and crepitations 
throughout on deep breathing. Other rare 
sites for empyemata are between the medi- 
astinum and the lung and between the dia- 
phragm and the lung. In treating interlobar 
cases it is advisable to stitch the lung to the 
parietal pleura before opening, unless it is 
already adherent. In ordinary cases the 
best practice is to aspirate one day, removing 
as much pus as possible, and operation the 
next.—Interlobar Empyema, W. Broadbent, 
Lancet, November 24, 1928, ccxv, 1075.— 
(B. T. McM.) 


Spontaneous Pneumothorax.—The 
author has assembled a large series of cases 
of spontaneous pneumothorax, and even 
though the main cause is to be sought in 
tuberculosis there are quite a few cases in 
which no relation was determinable even 
after years of observation. A number of 
interesting and instructive cases are pre- 
sented in this light. In these interstitial 
emphysema plays an important réle. The 
author presents a case of spontaneous pneu- 
mothorax which has existed in complete 
form over a period of 20 years. The patient 
with this condition served in the world war 
and is to-day still entirely capable of work. 
These cases point to the fact that the prog- 
nosis need not be unfavorable.—Uber be- 
sondere Fille von Spontanpneumothorax, G. 
Wiele, Beitr. 2. Klin. d. Tuberk., 1928, 
lxviti, 296.—(H. J. C.) 


Spontaneous Nontuberculous Pneu- 
mothorax.—A review of the literature from 
1844 to the present date allows a tabulation 
of 84 cases of spontaneous pneumothorax of 
nontuberculous aetiology. The aetiology 
and pathogenesis of spontaneous pneu- 
mothorax with particular reference to the 
accompanying compilation was considered. 
Tuberculous disease is probably the most 
frequent single cause. Pneumonia follows, 
with a 35.7 per cent incidence in this tabula- 
tion; then emphysema and gangrene. Ex- 
pressed pathogenetically, pneumothorax may 
be caused by (1) degeneration in the lung 
(abscess, gangrene, bronchiectasis, infarc- 
tion, empyema), or (2) rupture of the lung 
due to congenital defect, emphysema, for- 
eign body. Pneumothorax, either open, 
closed, or of the check-valve variety, may be 
seen as partial or total, unilocular or multi- 
locular, simple or complicated, and unilateral 
or bilateral. Three cases of nontuberculous 
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spontaneous pneumothorax are added to the 
literature: all were postpneumonic and 
simple (uncomplicated), and made unevent- 
ful recoveries. Their recognition was made 
on the basis of roentgenography; they were 
characterized by a sparsity of clinical mani- 
festations and signs, which probably would 
not have sufficed to enable the diagnosis in 
the absence of the roentgenographs and 
fluoroscopy.—Spontaneous Nontuberculous 
Pneumothorax in Infancy and Childhood, E. 
G. Stolof, Am. J. M. Sc., November, 1928, 
cluxvi, 657.—(W. I. W.) 


Traumatic Pneumothorax.—This is a 
report of a case of pneumothorax developing 
in a patient as a result of an automobile 
accident. Six days later probable pneu- 
monia developed. This was followed by an 
infection of the fluid in the pleural cavity, 
resulting in empyema which was evacuated 
about a month after the onset of pneumonia. 
On account of absorption the high tempera- 
ture persisted for about two months after 
operation, and the patient convalesced for 
another two months. It is worthy of note 
that the X-ray did not reveal fracture of a 
rib. The life-saving measures were, above 
all, aspiration, morphine, digitalis and oxy- 
gen. Digitalis was used according to the 


Eggleston method. The patient lost about 
40 pounds, which he later regained. Con- 
clusions: The case in point teaches us the 
importance of prompt aspiration, the long 
time required for a full absorption of air in 
pleural cavity, and the necessity of careful 
watching for a change from serous effusions 


to empyema.—Aspiration in Traumatic 
Pneumothorax, B. T. Tilton and M. J. 
Schroeder, M. J. and Rec., April 17, 1929, 
cxxix, 444.—(B. T. McM.) 


Pulmonary Embolism.—Case repori: 
A white female, age 43, fractured her left 
tibia and fibula. Six weeks after the 
accident she lost consciousness and died very 
suddenly. Postmortem examination re- 
vealed, on opening the right ventricle and 
pulmonary artery, a long clot of about the 
size of the lumen of the internal iliac vein. 
This had evidently folded itself so that two 
ends were passing into the right branch of 
the pulmonary artery and two into the left, 
thus preventing the flow of blood to the 
lungs and producing sudden death. The 
clot could not be extracted by traction. 
There was also a free end pointing to the 
pulmonary valve—A Case of Extensive 
Pulmonary Embolism Following Fracture, 
V. Cotton-Cornwall and C. W. Ponder, 
Brit. Med. J., November 23, 1928, no. 3539, 
789.—(W. I. W.) 


Diagnosis of Diaphragmatic Hernia.— 
Case Report: A man, aged 27, complained 
of pain in the lower right chest. Roentgen- 
ray examination revealed diaphragmatic 
hernia. When diaphragmatic hernia is 
suspected from physical or roentgen exami- 
nation, it is necessary to make an unusually 
careful roentgen examination, particularly 
with the patient in a lateral position, in 
order to differentiate true diaphragmatic 
hernia from thoracic stomach, eventration 
of the diaphragm, and congenital absence of 
half of the diaphragm. Thoracic stomach 
is an entity and can be differentiated from 
diaphragmatic hernia by roentgenological 
examination. Eventration of the diaphragm 
is relatively frequent and can be differen- 
tiated from diaphragmatic hernia by lateral 
roentgenographic examination. Diaphrag- 
matic hernia is to be regarded as congenital 
unless proved to be of traumatic origin.— 
Roentgenological Diagnosis of Diaphrag- 
matic Hernia, L. T. Le Wald, Am. J. 
Roentgenol. & Rad. Ther., November, 1928, 
xx, 423.—(W. I. W.) 


Hypostatic Pulmonary Congestion.— 
Hypostatic pulmonary congestion may occur 
in the aged and debilitated as the result of 
depressed respiratory motility. In such 
cases as fracture of the femur an apparent 
relief of early hypostatic pulmonary conges- 
tion has resulted from the intermittent in- 
halation of carbon dioxide. The rate and 
duration of the administration of carbon 
dioxide may be controlled by the respiratory 
response and the comfort of the patient. 
Differentiation of pulmonary stasis resulting 
from respiratory depression and that de- 
pendent upon right heart failure must be 
clearly made, since the use of carbon-dioxide 
inhalations may be strongly contraindicated 
in the latter circumstance. Overventila- 
tion may disseminate an infection from the 
bronchi or in the alveoli. Hence carbon- 
dioxide inhalations are contraindicated in 
bronchitis or pneumonia and should also be 
avoided if these conditions be suspected. 
On physiological grounds a prophylactic 
value attaches to the use of this measure in 
all surgical cases meeting the discussed indi- 
cations, but numbers of cases will be required 
to establish its value in this relation.—Car- 
bon Dioxid in the Treatment of Hypostatic 
Pulmonary Congestion. A Preliminary Re- 
port, R. E. Burns and W. S. Middleton, Am. 
J.M.Sc., April, 1929, claxvii, 564.—(M. P.) 


Bronchohepatie Fistula.—Case report: 
A patient, aged 50, complained of cough with 
expectoration of yellow sputum following 
cholecystectomy. Roentgenoscopic studies 
revealed a high, fixed, right diaphragm, and 
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an abscess mass near the diaphragm and 
involving the liver. On cough a column of 
fluid extended from this mass to the trachea. 
A diagnosis of subdiaphragmatic abscess and 
bronchobiliary fistula was made.— The Study 
of a Case of Bronchohepatic Fistula with 
Roentgenoscopic Observations, J. M. Flynn 
and S. L. Warren, Am. J. Roentgenol. & Rad. 
Ther., October, 1928, xx, 364.—(W. I. W.) 


Massive Collapse of Lung.—The term 
‘““massive collapse” has been applied to that 
condition in which there is total or partial 
atelectasis of the lung occurring usually after 
abdominal operations or thoracic traumata. 
A number of theories have been put forth 
to account for its occurrence. The most 
obvious explanation is that the bronchus be- 
comes blocked, probably by mucous; Jack- 
son and Lee have demonstrated the bronchial 
plug by bronchoscopy. The infrequency of 
the condition and its resemblance to pneu- 
monia usually leads the clinician astray. 
The following is a report of two cases: 
Case 1: J. W., white male, aged 18, was 
admitted for inguinal hernia. Apex beat 
two inches inside nipple line. Sinus arrhy- 
thmia present, with slight roughening of first 
sound. Double herniorrhapy done. Ether 
was administered, with nitrous oxide induc- 
tion. Four days later patient complained of 
pain, and was dyspnoeic and cyanotic. 
Temperature 102.6°, pulse 104, respirations 
42. Dulness over left lung at base, anteriorly 
and posteriorly, with occasional crepitant 
rales. Dulness, with diminished breath- 
sounds, in left axilla and anteriorly. Roent- 
genograph showed marked density in lower 
left pulmonic field with a marked deviation 
of trachea to left. At this time apex-beat 
was visible just outside nipple line. Tem- 
perature 101.6° at 10 a.m. the same morn- 
ing, pulse 96, respirations 42. The follow- 
ing day the temperature dropped to 100.4° 
and remained around this point. There 
was greenish-yellow sputum, which never 
became rusty. A roentgenograph showed 
that the density was already receding and 
the trachea was but slightly deviated. On 
this film the elevation of the diaphragm could 
be observed. Recovery was uneventful. 
Case 2: J. M., male, gave history of having 
fallen downstairs while intoxicated about 
twenty-eight hours before admission. Chief 
complaint at this time was pain in left chest 
posteriorly. Examination showed prostra- 
tion with dyspnoea and cyanosis. Hyper- 
resonance over left chest, anteriorly and 
posteriorly, with subcutaneous emphysema 
from third rib to base of axillary line. 
Breath-sounds loud, with scattered fine 
crackling rales. Exquisite tenderness over 
7th, 8th and 9th left ribs. Temperature 


99°, pulse 120, respirations 40, blood pressure 
125/70. Immediate roentgenographic ex- 
amination showed deviation of mediastinum, 
4 cm. to right, and elevation of right dia- 
phragm 4 cm. Complete fractures of the 
6th, 7th and 8th ribs. Very little density 
on affected side. In spite of this diagnosis 
of contralateral massive collapse was made. 
A roentgenograph, made two hours later, 
showed slight increase in density of right 
pulmonic field; also small area of increased 
density opposite 9th left rib posteriorly. On 
night of admission temperature rose to 103°, 
and following day touched 105°; it then re- 
ceded, terminating by lysis on the sixth day 
ofadmission. The third day after admission 
a roentgenograph showed complete opacity 
of right pulmonic field. On the seventh 
day it showed a continued opacity, but at 
this time the mediastinum had begun to 
shift toward its normal position. Examina- 
tion on eleventh day showed resolution of 
upper half and continued opacity in the 
lower half. Examination on the seventeenth 
day showed mediastinum in its normal posi- 
tion and a very slight elevation of diaphragm. 
There were small areas of infiltration remain- 
ing in middle and lower lobes. The pleura 
was thickened laterally, and at two points 
it appeared to constrict the lung as if by 
circularbands. Examination on the twenty- 
third day showed complete resolution of the 
pleuritic thickenings. There was a group 
of these pleuropericardial adhesions which 
were retracting the pericardium which over- 
lay the right auricle. At this time the 
symptoms have disappeared. Summary: It 
is shown that the unusual radiographic 
density which is typical of massive collapse 
may follow, and not be concomitant with 
the collapse, and it is suggested that the 
density is due to the influx of a transudate 
as a result of difference in pressure between 
alveolar air and the blood-stream. It is 
further suggested that the slow return of 
the mediastinum and diaphragm to their 
normal positions may be dependent on the 
absorption of the retained secretions.— The 
Mechanism of Massive Collapse of the Lung, 
F. Reibel, M.J. & Rec., October 3, 1928, 321. 
(F. G. P.) 


Postoperative Massive Collapse of 
Lung.—Postoperative pulmonary complica- 
tions following abdominal operations fall 
into three groups. ‘The first is composed of 
cases exhibiting the essential signs of massive 
collapse as described by William Pasteur. 
The second comprises cases which were 
regarded as postoperative pneumonia, be- 
cause cardiac displacement could not be 
demonstrated. The third includes a few 
easily recognizable complications, notably 
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those of embolic origin. The author’s 
investigations showed that the majority of 
all complications were massive collapses, 
which may or may not be accompanied by 
demonstrable cardiac displacement. The 
convalescence of 261 patients from abdominal 
operations was followed with reference to the 
possible occurrence of declared or latent 
alterationsinthelungs. The X-ray appear- 
ance of massive collapse is very character- 
istic, particularly when it affects the whole 
of one lung. The shadow cast by the air- 
less lung is at least as dense as that caused 
by a thick layer of fluid, and may even 
obscure costal outlines. 
mediastinal shadows, including that of the 
trachea, are much displaced toward the 
affected side, the diaphragm is elevated, 
and the ribs fall together so as to assume a 
tilted appearance. Twining suggested that 
we should rely on the evidence of displace- 
ment of the interlobar septum, as seen in 
the anteroposterior and lateral views, for the 
diagnosis of massive collapse, and not on the 
mediastinal displacement. The first indica- 
tion of the onset of massive collapse is a 
mottled appearance in the lung, nearly 
always in the lower lobe only, on one or 
both sides, and it appears to be due to areas 
of lobular collapse, which coalesce to form 
massive collapse. Nevertheless, it often 


clears up rapidly; this may happen in one 
lower lobe, while the other goes on to com- 


plete collapse in a few hours. When the 
lung becomes aerated again it sometimes 
fails to return at once to its normal volume. 
Its shrunken condition is partly maintained 
by the mechanical condition of the pleura, 
which is altered by the emphysema in the 
upper lobe, and partly by the effect of in- 
flammatory changes, which may show them- 
selves in pleural thickening and the persist- 
ence of small areas of opacity in the hilum 
region, presumably due to residual consolida- 
tion. Of 149 cases of abdominal operations 
in males, three showed pulmonary collapse 
with cardiac displacement and six without 
the latter. Of 112 females, three showed 
pulmonary collapse with cardiac displace- 
ment and six without it. The anaesthetic 
used does not appear to bear any relation to 
the frequency of pulmonary complications, 
but they are more common when weather 
conditions are adverse. The question of 
aetiology still remains unsettled. The 
authors believe that one determining cause 
is the obstruction of the bronchial tree. 
Among the predisposing causes there is, 
first, the hypersecretion caused by the ad- 
ministration of a general anaesthetic, or the 
hypersecretion due to a pulmonary or car- 
diac condition which contraindicated an 
anaesthetic. This hypersecretion is more 
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marked in males than in females, possibly 
because the respiratory passages of the 
former are in a constant state of mild irrita- 
tion from smoking. Second, the position in 
which abdominal patients are usually nursed 
tends to the gravitation of these secretions 
into the bronchi of the lower lobes, which 
are always affected by massive collapse 
except when one whole lung is involved. 
The third is interference with the expulsion 
mechanism, either by voluntary suppression 
or by the excessive use of morphia. The 
symptoms associated with massive collapse 
vary very widely, and cases may be 
described, according to their severity, as 
fulminant, moderate or latent. Ina review 
of the cases in the literature of 1927 Scott 
found that in 50 per cent the onset occurred 
within 24 hours of operation, in 20 per cent 
after 48 hours, and the remaining 30 per 
cent in the intervening period. It is 
fairly certain, however, that, in the cases 
described as coming on after forty-eight 
hours, it is the recognition of the collapse 
that is delayed. When the access of air to 
the alveolar tissue is interrupted, the car- 
bon dioxide and oxygen of the entrapped air 
are absorbed rapidly. The nitrogen is not 
fully removed for twenty-four hours, so that 
when a lung is completely airless the obstruc- 
tion has been in existence for many hours. 
After the obstruction has been removed the 
patient raises large quantities of thick, 
green mucopurulent sputum. Pneumococci, 
Micrococcus catarrhalis and Bacillus in- 
jluenzae are the organisms most frequently 
found. Massive collapse and its complica- 
tions are probably not attended with any 
material mortality. The cases in which the 
resulting bronchopneumonia proved fatal 
form a very small percentage, and although 
four of the cases in this series came to 
autopsy there was always some cause of 
death other than the pulmonary condition. 
It seems that a true uncomplicated case has 
never yet come to autopsy. The micro- 
scopic appearance of uncomplicated massive 
collapse is fairly characteristic, but it may be 
completely overshadowed by secondary in- 
flammatory changes, and in these circum- 
stances due attention must be given to the 
macroscopic shrinkage and to the absolute 
airlessness of the affected lung. Pneumonia 
is arare complication of abdominal operation. 
There was only one case of hilum pneumonia 
in this series, and the gravity of the illness 
showed at once that the complication was 
more serious than massive collapse, The 
treatment of massive collapse should be 
primarily prophylactic and should consist 
essentially of postural drainage of the 
bronchial tree. Forty-seven male cases 
were treated by this method. The foot of 
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the bed was elevated twenty inches above 
the head for twenty-four hours after the 
operation. None of these cases had massive 
collapse while this position was maintained. 
At the end of twenty-four hours radio- 
graphs always showed the lower lobes well 
aerated as compared with the apices, but at 
varying intervals after return to the hori- 
zontal position several of the patients de- 
veloped mottling of the lower lobe, which in 
two instances went on to massive collapse 
without cardiac displacement. This method 
reduced the incidence of massive collapse 
and might reduce it still further if the posture 
is maintained longer. Conclusions and 
Summary: 1: 13.7 per cent of all abdominal 
operations are followed by pulmonary 
complications, males being more affected 
than females and upper abdominal opera- 
tions more than lower. 2: Pneumonia 
occurring after abdominal operation is ex- 
tremely rare and all these complications 
consist of massive collapse of the lungs, 
which may or may not be accompanied by 
the cardiac displacement on which Pasteur 
laid such stress. 3: Massive collapse is 
due to the obstruction of the lumina of the 
bronchi, followed by the absorption of the 
contained air by the blood-stream. This 
obstruction often affects the larger tubes, 
but when the incision has been in the upper 
abdomen the deflation of the lower lobe is 
so great that the bronchioles may become 
primarily obstructed. 4: About one out 
of every six of these cases exhibits cardiac 
displacement, depending on the degree of 
deflation of the lung before the obstruction 
occurred. 5: The predisposing causes are 
the catarrh which follows an anaesthetic, 
the position in which the patients are nursed, 
and the inhibition of the cough reflex by pain 
or the excessive use of morphia. 06: The 
clinical features, complications, pathology 
and diagnosis of massive collapse are de- 
scribed. 7; Certain measures of treatment 
are advised, with special reference to postural 
drainage.—Post-Operative Massive Collapse, 
C. R. Boland and J. E. Sheret, Lancet, 
July 21, 1928, ccxv, 111.—(F. G. P.) 


Acute Massive Collapse of Lung.— 
Massive collapse of the lung is a definite 
clinical entity of which the finally deter- 
mined aetiological factor is total occlusion 
of a bronchus with subsequent absorption of 
retained air. The principal physical sign 
is mediastinal displacement toward the 
involved lung. The mediastinal displace- 
ment including the heart is due to the 
potential thoracic vacuum created by the 
collapsed pulmonic area and is directly 
proportional to the degree in which the 
vacuum is relieved by emphysema of the 


opposite lung. Roentgenoscopy affords the 
best diagnostic method. Bronchoscopic 
drainage is an important method. of treat- 
ment.—Acute Massive Collapse (Atelectasis) 
of the Lung, D. R. Bowen, Am. J. of Roent. 
& Rad. Ther., February, 1929, xxi, 101.— 
(W. I. W.) 


Collapse of Lung.—A case is reported of 
pulmonary tuberculosis in which roentgen- 
ray studies revealed collapse of the lower 
lobe of the right lung and later collapse of the 
upper lobe of the same lung. It was defi- 
nitely proved that this condition was due to 
bronchostenosis in a main-stem.—Collapse 
of the Lung Occurring in Pulmonary Tuber- 
culosis, J. Sproull, Am. J. Roentgenol. & 
Rad. Ther., November, 1928, xx, 419.— 
(W. I. W.) 


Atelectasis.—The occurrence of pulmo- 
nary atelectasis is reported in a case of pneu- 
monia and in one of cancer of the stomach. 
Pulmonary atelectasis occurs more fre- 
quently than is generally recognized in 
association with nonsurgical and nontrau- 
matic cases. It is a definite clinical entity 
and readily diagnosed by the physical signs 
and clinical course. Until more conclusive 
evidence is presented, the mechanical-ob- 
struction theory as to aetiology is the most 
plausible, since removal of the obstruction 
has resulted in prompt reéxpansion of the 
lung. Experimentally the condition has 
been reproduced in animals by the injection 
into their bronchi of material removed from 
the bronchi of patients suffering from pul- 
monary atelectasis. The abolition of the 
cough reflex in dogs, followed by the intro- 
duction of an acacia solution into their 
bronchi, has produced pulmonary atelec- 
tasis, which disappeared when the acacia 
solution was aspirated through the broncho- 
scope.—Acute Massive (Nonsurgical, Non- 
traumatic) Pulmonary Atelectasis. Report 
of Two Cases, H. K. Mohler, Am. J. M. 
Sc., April, 1929, cluavit, 507.—(W. I. W.) 


Intrapleural Pressures in Massive 
Collapse of Lung.—Fourcases ofatelectasis 
of the lung in which the aetiological factors 
were trauma to the thighs and pelvis, 
chronic pulmonary tuberculosis, tumor mass 
in a bronchus, and thoracic aneurysm, are 
reported. A marked increase in intrapleural 
negative pressure has been demonstrated in 
each. High negative intrapleural pressures 
are always associated with and are character- 
istic of massive collapse. This pressure 
change is directly responsible for the physi- 
cal findings of cardiac displacement, and is 
the factor underlying the symptoms of 
dyspnoea and cyanosis. Partial pneu- 
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mothorax, reducing the negative pressure 
to within normal limits, has given immediate 
symptomatic relief—Intrapleural Pressures 
in Massive Collapse of the Lung, C. C. 
Habliston, Am. J..M. Sc., December, 1928, 
claxvi, 830.—(W. I. W.) 


Primary Tumors of Lung.—In the 
symptomatology of lung tumors certain 
observations are of great diagnostic value 
when properly interpreted. Blood-spitting, 
occurring for the first time in one past middle 
life, should create suspicion of possible pul- 
monary malignant tumor. Dyspnoea at 
that age, in the absence of cardio-renal 
disease, warrants careful investigation. Se- 
vere and prolonged chest pain is an early 
persistent and cardinal symptom of pulmo- 
nary neoplasm, and does not disappear with 
appearance of pleural effusion, as in tuber- 
culosis. Afternoon elevation of tempera- 
ture is present in about 50 per cent of 
pleuropulmonary cancers. An apparently 
idiopathic pleural effusion, especially if 
sanguineous, may be the first indication of 
tumor. From the roentgenological point of 
view, pulmonary malignant conditions can be 
conveniently classified into (1) pulmonary, 
including endobronchial, hilar, lobar and 
excavating forms, and (2) pleural, with and 
without effusion. Early bronchogenic tu- 
mors, which have not become large enough to 
obstruct the bronchus, and flat pleural 
tumors may be missed roentgenologically, 
although physical observations point to 
their existence. In early cases hilar tumors 
and those that spread along the bronchial 
arborization and lymphatic vessels may 
present no physical signs because there has 
been no atelectasis following a plugged 
bronchus. Central tumors are visible roent- 
genologically long before there are any 
definite physical signs. Chronic interstitial 
pneumonia may simulate a lobar malignant 
tumor on both physical and roentgenological 
examination. In the lobar type of tumor 
there can sometimes be seen definite pencil- 
like areas of rarefaction radiating from hilum 
to periphery. These are probably dilated 
bronchi distal to an obstructed bronchus. 
Apparently spontaneous localized empye- 
mata and pulmonary abscesses in elderly 
patients are frequently due to hidden malig- 
nant neoplasms of the excavating type, 
which often closely simulate abscess or 
gangrene of the lung. Symptomatology is 
most important here. In the presence of 
large pleural effusions, primary lung tumors 
cannot be diagnosticated by means of the 
roentgen ray unless the fluid is aspirated and 
a diagnostic pneumothorax induced for 
contrast purposes. In difficult cases, films 
in the oblique positions, bronchography with 
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iodized oil and early bronchoscopy must be 
resorted to for a correct diagnosis.— The 
Roentgen Ray in the Diagnosis of Primary 
Pulmonary Neoplasm: Report of Case, B. 
P. Stivelman, J. Am. M. Ass., December 1, 
1928, xci, 1690.—(G. L. L.) 


Primary Cancer of Lung.—There has 
been a definite increase, both actually and 
relatively, in the incidence of carcinoma of 
the lung in Germany since 1913, and 
especially since 1918. Far more men than 
women are affected. Race seems to have 
something to do with this. Russian and 
Polish Jews have an exceptionally high 
incidence of the disease. The cause of the 
increase cannot be definitely associated with 
inhalation of dust, tarring of streets, injuries 
peculiar to occupation, excessive use of 
tobacco, or influenza, tuberculosis or other 
diseases.—Ueber primdre Lugenkarzinome, 
A. Konrad and W. Franke, Deutsche med. 
ac April 19, 1929, lv, 652.—(H. S. 


Lung Tumors.—Beyond doubt there is a 
true increase in the incidence of pulmonary 
neoplasms. They are found in7 per cent of 
all autopsies on patients dead from car- 
cinoma. The percentage of early correct 
diagnosis is not generally greater than 33 
per cent. In the early stages there is little 
deterioration in the general condition. The 
characteristic radiological findings in the 
early stage are density of the hilum, atelec- 
tasis and bronchiectasis. The most frequent 
sources of difficulty in diagnosis in this series 
of cases were tuberculosis and mediastinal 
tumor. Twenty-one of the cases were 
histologically of the ‘“‘oat-celled” type. 
Clinically it was not possible to distinguish 
different histological types. The raies of 
men to women affected were approximately 
3 to 1. A somewhat marked incidence of 
previous lung affections, especially influenza 
and bronchitis, was found. No connection 
between the incidence of growth and occupa- 
tion could be traced. Especially common 
modes of onset were (1) with pain in the chest 
alone and (2) with an acute febrile attack 
of “influenza” followed by a temporary re- 
turn to work. Early pressure signs were 
frequent, and should not necessarily suggest 
mediastinal tumor rather than a pulmonary 
growth. The average age of the patients 
was over 50, and the duration of disease was 6 
months. Haemoptysis occurred in 40 per 
cent and pleurisy with effusion in 48 per cent 
of these cases. The apex beat was unaltered 
in 40 per cent. Metastases were not a fre- 
quent cause of symptoms.—Pulmonary Neo- 
plasms. A Report of Twenty-six Cases, T. 
C. Hunt, Lancet, April 13, 1929, ccxvi, 759.— 
(B. T. McM.) 
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Benign Tumors of Bronchus.—A case 
is cited in which a patient with pulmonary 
symptoms was treated for tuberculosis, 
asthma, chronic pulmonary fibrosis and myo- 
carditis, while the basis for his trouble was a 
fibrolipoma in the left main bronchus. This 
case demonstrates the importance of includ- 
ing bronchoscopy in the study of pulmonary 
conditions with obscure or atypical symp- 
toms. It also demonstrates that we can 
hope to save the lives of patients who have 
benign neoplasms of the bronchus by timely 
bronchoscopy.—Benign Neoplasms of the 
Bronchus, M. C. Myerson, Am. J. M. Sc., 
November, 1928, claxvi, 720.—(W. I. W.) 


Carcinoma of Bronechi.—Four cases of 
extrathoracic new growth with metastasis to 
the tracheobronchial lymph nodes causing 
bronchial compression are reported. The 
chest symptoms and signs simulated primary 
bronchial carcinoma. There is often con- 
siderable difficulty in differentiating primary 
and secondary carcinoma of the bronchi. 
These secondary growths may actually in- 
vade the bronchial wall in such a manner 
that bronchoscopist and microscopist like- 
wise may be confused with regard to the 
point of origin of the new growth.— The 
Differential Diagnosis of Primary and 
Secondary Carcinoma of the Bronchi, E. 
Weiss, Am. J.'M. Sc., April, 1929, cluxvii, 
487.—(W. I. W.) 


Bronehogenie Cancer.—A report is 
presented of a case in which there was reason 
to suspect an infection with Endamoeba 
histolytica, but which proved to be broncho- 
genic carcinoma associated with hydro- 
thorax, mucoid infiltration of the lung and 
disease of the gall-bladder and kidney. 
Certain cells, when observed on the warm 
stage, manifested activity and assumed mor- 
phology that might readily lead to confusion 
with amoebae. Cells of the human body, 
especially histiocytes, under pathological 
conditions simulated amoebae when viewed 
in sections stained either with haematoxylin 
and eosin or with iron haematoxylin.— 
Bronchogenic Squamous Cell Carcinoma. 
Report of a Case Associated with Pleural 
Effusion and Pulmonary Osteo-Arthropathy, 
with Features that Simulated Infection by 
Endameba Histolytica, R. G. Mills and 
Nolie Mumey, Arch. Int. Med., April, 
1929, «litt, 516.—(W.I. W.) 


Diagnosis of Bronchial Carcinoma.— 
The frequency of erroneous diagnosis in 
bronchial carcinoma varies, according to 
different authors, between 17 and 53 per 
cent. The reason for the relatively high 


incidence of failure is due to the fact that 


the symptomatology of the disease is not 
characteristic and is frequently vague. The 
history is sometimes suggestive. The most 
frequent complaints are persistent cough, 
at times bloody expectoration, dull or burn- 
ing pain in the chest, dyspnoea and some- 
times night-sweats. The clinical findings 
vary according to the size and localization 
of the tumor. The only characteristic sign 
is that of bronchial stenosis which does not 
occur in all cases. In carcinomas of the 
upper lobe one always finds dulness in the 
region of the manubrium, which is important 
in the differential diagnosis against fibrous 
pleuritis of the mediastinum; the latter is 
always associated with a denudation of the 
homolateral part of the heart. Bronchial 
carcinoma is frequently complicated by 
exudative pleurisy, and frequently with 
haemorrhagic exudate. The differential 
diagnosis with tuberculous pleurisies can be 
ascertained by tuberculin test, which is 
practically always negative in the presence 
of carcinoma. Stasis in the area of the 
superior vena cava with oedema and cyanosis 
of one-half of the face and one arm, is im- 
portant, if present. Paralysis of the phrenic 
and vagus nerves may occur with any kind 
of mediastinal tumor. The immediate 
neighborhood of the tumor shows usually 
chronic pneumonic processes; they may help 
to establish the diagnosis. It is a valuable 
rule to suspect bronchial carcinoma in every 
case of chronic pneumonia for which other 
aetiologic causes cannot be established. The 
metastases caused by bronchial carcinoma 
are found most frequently in the draining 
lymph nodes, liver, kidneys, and thyroid 
gland. The central nervous system is 
affected in 10 to 20 per cent of the cases. 
The favorite site of cerebral metastasis is the 
area which is supplied by the artery of the 
Sylvian fissure. The symptoms which are 
produced by cerebral metastases may en- 
tirely obscure the picture of the primary 
disease.—Zur Diagnose des Bronchuskar- 
zinoms, H. Mayrhofer, Wien. klin. Wchnschr, 
November 15, 1928, xlvi, 1586.—(M. P.) 


Antagonism between Cancer and 
Tuberculosis.—Statistical analysis of au- 
topsy records of 816 persons with malignant 
tumor and an equal number of nonmalig- 
nant-disease cases shows that in the former 
group 6.6 per cent and in the latter group 
16.3 per cent had coexisting tuberculosis. 
“In general it must be concluded that there 
is a definite and marked incompatibility or 
antagonism between the two diseases, cancer 
and tuberculosis, of such sort that both 
occur together at the same time in florid 
activity in the same individual only with 
great rarity.”—Cancer and Tuberculosis, 
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R. Pearl, Am.J. Hyg., January, 1929, ix, 97. 
—(H.S. W.) 


Roentgen Therapy and Colloidal Lead 
in Malignant Tumor.—In the course of a 
year 7 patients showing inoperable malignant 
tumors were treated with colloidal lead, 
administered intravenously in doses of 50 
mgm. at weekly intervals, in conjunction 
with daily roentgen treatment. A solution 
of colloidal lead was used, to which dextrose 
had been added after sparking, increasing 
its stability markedly, and at the same time 
apparently lowering its toxicity. A case is 
reported of inoperable round-cell sarcoma of 
the pelvic bones, with metastases to the 
lungs, which was apparently controlled over 
a period of a year by radium and roentgen 
therapy, causing the pulmonary metastases 
to disappear and inhibition of the original 
tumor. The patient returned six months 
later and died in five months, despite further 
roentgen treatment and colloidal lead intra- 
venously. Inanother case of sarcoma of ribs 
and pleura a definite remission occurred, but 
there is later pulmonary involvement. Any 
transient, but definite, improvement that 
occurred in the 7 cases, was, so far as could 
be ascertained, attributable more to the 
effects of high-voltage roentgen therapy than 
to the colloidal lead.—Colloidal Lead with 
High Voltage Roentgen Therapy in Malig- 
nant Disease, C. A. Waters, J. A. C. Colston 
and L. N. Gay, J. Am. M. Ass., January 
5, 1929, xcii, 14.—(G. L. L.) 


Roentgenography of Miliary Tumor 
Metastases and Miliary Tuberculosis.— 
It has been doubted whether a miliary 
(haematogenous) spread of tumor metas- 
tases ever occurred in the lung. Lorenz 
claimed that such appearances are always 
due to a generalized lymphangitis, and pro- 
posed to substitute the term “miliary car- 
cinosis” by “lymphangitis carcinomatosa.” 
It is obvious that a lymphangitis cannot 
produce exclusively nodular shadows since 
not all thickened lymphatics can be met by 
axial rays. X-ray pictures of miliary 
metastases resemble greatly those of miliary 
tuberculosis. To arrive at a correct differ- 
ential diagnosis, it is necessary to study the 
distribution, the number, and the size of the 
shadows. In miliary metastasis more foci 
are found in the lower parts of the lungs. 
The size of the individual shadows increases 
from apex to base. In miliary tuberculosis, 
both number and size of the individual foci 
decrease from apex to base.—Zur Differen- 
tialdiagnose zwischen der Miliaren Tumorose 
und Tuberkulose im Rontgenbilde, R. Lenk, 
Klin. Wehnschr., July 22, 1928, xxx, 1414.— 
(M. P.) 


Inoculation of Chickens with Hodg- 
kin’s Disease Nodes.—The possibility has 
been entertained that some of the cases 
clinically designated as Hodgkin’s granuloma 
may be tuberculous and that others are 
neoplastic. It is highly possible that the 
disease may start as a granuloma and end in 
certain instances as a neoplasm. On the 
other hand, according to Symmers, Hodg- 
kin’s disease is neither an infectious granu- 
loma nor a neoplasm, but a systemic disease. 
Most students of the disease, impressed by 
its evident granulomatous character, have 
leaned to the idea that it is more or less 
closely related to tuberculosis. Sternberg 
in 1898 first maintained that Hodgkin’s 
disease had a common aetiology with tuber- 
culosis. Kurt Ziegler states that 20 per 
cent of cases of Hodgkin’s disease are asso- 
ciated with tuberculous infection and that 
10 per cent gave tubercle bacilli by inocula- 
tion. Sticker has reported that tubercle 
bacilli, possibly of the bovine variety, may 
be demonstrated in Hodgkin’s nodes by the 
repeated passage of the material through 
guinea pigs. Other investigators hold 
strongly to the view that the presence of 
tubercle bacilli and lesions in Hodgkin’s 
disease is merely coincidental. An argu- 
ment in favor of this is the fact that the 
majority of inoculations of the guinea pig 
with Hodgkin’s-disease material have re- 
sulted negatively for tuberculosis. In other 
words, tubercle bacilli when found seem to 
represent an independent infection. Al- 
though there is much evidence of the tuber- 
culous nature of Hodgkin’s disease, it is 
obvious that, if the disease is tuberculous, 
then either the bodily influence of the host 
on the course of the tuberculous infection is 
unusual or the infecting microérganism must 
be atypical. It occurred to the writer that 
the latter possibility would be realized, if 
the tubercle microérganism in Hodgkin’s 
disease was not the usual human and bovine 
forms but the hitherto completely ignored 
avian tubercle bacillus. In the past only 
guinea pigs, rabbits, and monkeys have been 
used for the study of avian tuberculosis, 
that is, animals which are relatively insus- 
ceptible or immune to this disease. The 
correctness of the idea just stated could be 
tested only by the inoculation of Hodgkin’s 
nodes into birds, an experiment which, so 
far as can be ascertained, has not been re- 
ported heretofore. Therefore, in November, 
1926, a series of experiments on chickens was 
undertaken to determine, if possible, whether 
a relationship exists between avian tubercu- 
losis and any form of the disease known 
clinically and histologically as Hodgkin’s 
granuloma. The material for inoculation 
was obtained fresh from two cases of Hodg- 
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kin’s disease at operation and these were 
later identified as histologically characteristic 
of this disease. Under aseptic conditions 
the ground nodes were emulsified in physio- 
logical salt solution, strained through sterile 
cheese-cloth, and inoculated intravenously 
into the wing-vein of chickens within a few 
hours after the node was removed. These 
chickens (five) were kept under ideal condi- 
tions in the open and in the country, free 
from exposure to any form of disease. Two 
control birds, kept under the same condi- 
tions, did not develop any similar lesions in 
the same period of time. All the infected 
chickens developed either a typical or an 
atypical tuberculosis, and in the tissue 
smears acid-fast granules and rods, extra- 
and intracellular, were demonstrated in 
three, and non-acid-fast granules in one 
instance. Reinoculation of material from 
the lesions of one of these chickens into 
another chicken produced an_ identical 
though more extensive manifestation of the 
disease. An atypical tuberculosis developed 
in a guinea pig from inoculation of the tissues 
of one of the chickens, and a growth of 
bacteria with the staining and cultural char- 
acteristics of the avian tubercle bacillus was 
produced on egg media from material from 
the guinea pig. Direct cultures from the 
birds were contaminated in all instances. 
These cultures were reinoculated into normal 
chickens and guinea pigs, but sufficient time 
has not elapsed to determine the results of 
this reinoculation. Two other chickens 
injected with typical human tuberculous 
lymph nodes did not develop any similar 
lesions in the same length of time. This 
shows that the injection of lymph-node 
emulsion does not produce the lesions en- 
countered, and indicates that a more or less 
specific reaction is being dealt with and not a 
foreign-body granuloma. The histological 
findings encountered in the experimental 
chickens bore a striking resemblance to that 
of the different forms of Hodgkin’s disease, 
and, since the histological structure of the 
Hodgkin’s lesion is so characteristic as to be 
readily recognized, this resemblance indi- 
cates either that chickens react in a more or 
less specific way to the inoculation of Hodg- 
kin’s nodes, or that Hodgkin’s disease is 
closely related to avian tuberculosis. Con- 
clusions: While the possibility cannot be 
absolutely excluded of accidental avian in- 
fection, the findings seem to justify the con- 
clusion that in these chickens a lesion with 
the histological features of Hodgkin’s 
granuloma and comparable to avian tubercu- 
losis has been produced after the inoculation 
of the emulsified Hodgkin’s nodes. This 
may indicate that the aetiological agent in 
certain forms of Hodgkin’s disease is patho- 


genic for chickens, or that avian tubercle 
bacilli are a factor in producing some of the 
lesions which are interpreted as Hodgkin’s 
disease. Reproductions of photomicro- 
graphs and other plates accompany the 
article—Experimental Inoculation of Chick- 
ens with Hodgkins Nodes, Elise S. L’Esper- 
ance, J. Immunol., January, 1929, xvi, 37.— 
(J. S. W.) 


Silicosis and Tuberculosis.—Phthisical 
patients should not engage in occupations 
involving the risk of exposure to silica dust. 
They are apt to develop silicosis, which 
considerably adds to the gravity of the 
prognosis. Prophylactic measures should 
be considered, as miners suffering from sili- 
cosis are unduly susceptible to tuberculosis. 
Why this is so has not been satisfactorily 
explained. The pathology of silicosis may 
be summarized as follows: J: The free 
silica dust having found its way into the 
alveoli of the lungs, is taken up by certain 
cells of doubtful origin, probably endothelial, 
which are known as “dust’’ cells. At first 
these cells have a clear path along the 
lymphatics of the lung, and are able to 
reach the tracheobronchial group of lymph 
nodes at the root. These nodes then en- 
large and become fibrotic. If dust inhala- 
tion goes on, the lymphatic channels in the 
lung become blocked and the dust cells 
collect in pseudotubercles at the small nodes 
or those at the branching of the bronchi and 
bronchioles. 2: With continued stasis of 
the lymphatic circulation, the dust cells go 
on accumulating in the small nodes at the 
bifurcation, and these become larger and 
develop into fibrous nodules of varying size. 
3: If the silicosis progresses the next stage is 
that of further enlargement of the nodules, 
with coalescence of the smaller ones and 
some degree of interstitial fibrosis. 4: If 
now tuberculosis or other infection is super- 
imposed on the silicosis, large irregular 
areas of fibrosis are found, with pleurisy and 
other complications. The second, third 
and fourth stages have rather characteristic 
X-ray appearances.—Silicosis and Tuber- 
culosis, J. L. Stewart, Brit. J. Tuberc., 
January, 1929, xxiti, 6.—(B. T. McM.) 


Action of Silica on Lungs.—There are 
two main ideas as to the mode of action of 
silica and other dusts upon the lung. One 
holds that the particles traumatize the lungs: 
the other that collodial silica exerts a chemi- 
cal (toxic) effect on the lungs. Much of the 
dust we breathe is ultramicroscopic and is in 
the region of the molecule (in size) where 
surface tension, surface energy and electrical 
change are of considerably more importance 
than hardness, sharpness, etc. It has been 
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clearly shown that colloidal silica does 
definitely injure tissues. When injected 
into tissues, it produces a coagulum in which 
tubercle bacilli grow when introduced. Yet, 
if silica is a “protoplasmic poison,” as is 
frequently asserted, why do tubercles appear 
to thrive in silica-areas in the tissue? Silica 
exists in all vegetable foods and in the con- 
nective tissue of all of us. May it not be 
that the action of colloidal silica sol on animal 
tissues is an adsorptive and coagulant one, 
in which it acts not as a poison but as a 
colloid, adsorbing body fluids, producing 
coagulation, agglutination, etc., because it is 
a colloid of great surface energy.—The 
Method of Action of Silica Dust in the Lungs, 
P. Heffernan and A. T. Green, J. Indust. 
Hyg., October, 1928, x, 272.—( H. S. W.) 


Silicosis among Subterranean Rock 
Drillers in New York City.—lIt is not 
generally known that there are about 2,000 
men employed chiefly underground in New 
York City as drillers, excavators, blasters, 
etc. Careful physical and roentgenological 
examinations done on 230 of these workers 
form the basis of this report. The type of 
rock in New York and vicinity varies a good 
deal and contains total silica of from 56 to 94 
per cent and free silica from less than 1 to 
84 per cent. Of 208 men completely and 
satisfactorily examined 43 per cent were 
negative, 23 per cent were diagnosed ante- 
primary silicosis, 19 per cent first-stage 
silicosis, and 15 per cent second- and third- 
stage silicosis. A majority of the men were 
between 30 and 55 years of age. The largest 
proportion of the “negative” cases fell in 
the age-group 25 to 29, and the largest num- 
ber of first-stage silicosis were 50 to 54 years, 
while the second and third stages fell chiefly 
into the 40 to 44 and 55 to 59-year groups. 
One-third of the workers were colored. In 
these no excessive silicosis was found, but 
they were slightly younger than the whites. 
Over 35 per cent of the 208 had been exposed 
less than 10 years. Most of the second- and 
third-stage cases had been employed from 
20 to 29 years, and nearly all of them had 
been employed from 10 to 39 years. This 
does not represent continuous employment, 
since no account was taken of unemployment 
periods. Blasters had considerably more 
silicosis and more advanced silicosis than 
the other workers; next in order of frequency 
came drillers, and after that excavators. 
The most common symptoms were dyspnoea, 
pain in the chest, and cough, and these were 
more frequent in proportion to the extent of 
the disease. In later stages, rales, dimin- 
ished breath-sounds and diminished reso- 
nance were much in evidence. Of the 208 
people 6 cases of active and 13 cases of 


“healed” tuberculosis were found. Two of 
the active and four healed occurred in the 
group which had no silicosis. In summary, 
37 per cent of these workers were found to 
have silicosis; later stages of silicosis occurred 
four times as frequently in underground as 
above ground or open-pit workers, and in the 
later stages a history of pleurisy and pneu- 
monia was frequently encountered. Con- 
tracts have already been let in the city which 
will require the labor of 5,000 men in this 
kind of work for six years. Measures for the 
protection of such employees is essential, 
as regards both the reduction to the greatest 
possible extent of the rock-dust concentration 
and the protection of the workman against 
inhalation of the dust. Several schemes 
are now under trial.—Silicosis Among 
Drillers, Blasters, and Excavators in New 
York City, Based on a Study of 208 Examina- 
tions, Adelaide R. Smith, J. W. Fehnel and 
the Silicosis Committee of the Columbia 
University, Metropolitan Life Insurance Co., 
N. Y. Tuberculosis and Health Association, 
etc., J. Industr. Hyg., February, 1929, xi, 
37.—(H. S. W.) 


Syphilis of Lungs.—According to the 
largest statistics on necropsies, it may be 
assumed that in 0.3 to 0.5 per cent of syphili- 
tic patients lesions of pulmonary syphilis are 
found. They occur more frequently in the 
male than in the female, and more frequently 
in the fifth decade than at any other time. 
The pathologic-anatomical diagnosis of con- 
genital pulmonary syphilis is easy because 
the spirochaetes can be demonstrated in 
every case. The histological changes con- 
sist either of an interstitial pneumonia or of 
so called pneumonia alba. Circumscribed 
gummata are rare. In all cases circular 
connective-tissue proliferation is frequently 
found around the arteries. The diagnosis of 
acquired pulmonary syphilis in the adult is 
more difficult, especially since the demonstra- 
tion of spirochaetes is usually unsuccessful. 
Definite findings can be expected only in 
the tertiary form. The most important 
lesion is interstitial pneumonia with massive 
production of connective tissue. Such 
lesions go under the name of “indurative or 
sclerotizing pulmonary syphilis.” The scar- 
tissue follows usually the bronchi, the arter- 
ies and the interlobular septa. This may 
lead to the appearance of a pulmolobatus. 
The gummatous type is much rarer. The 
granulation tissue may caseate, but it lique- 
fies only rarely. These lesions almost never 
contain lime salts. They are rarely found 
in the apices and most frequently in the right 
middle lobe. The histological picture shows 
necrosis with slow destruction of all elastic 
fibres, and obliterated and caseated blood- 
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vessels with fibrosis in the caseation. The 
necrotic foci are surrounded by a zone of 
connective tissue with many small blood- 
vessels which show a productive endarteritis. 
Circumscribed foci may be found in normal 
or emphysematous lung tissue. Within the 
larger lesions very small subacute inflamma- 
tory nodules may be found. The blood- 
vessel changes are the most characteristic 
findings. The clinical picture of pulmonary 
syphilis has nothing strictly characteristic 
to ensure the diagnosis. The symptomatol- 
ogy may be very similar to pulmonary tuber- 
culosis; for instance, cough sometimes in 
spasms, dyspnoea, sputum sometimes san- 
guineous, sweats, emaciation, persistent 
pleuritic pain and dull pain in the sternum 
and between the scapulae. Fever is less 
frequent than in pulmonary tuberculosis, 
but it occurs even to high degrees. The 
sputum is usually in small amount; it may be 
foetid if bronchiectasis coexists. The con- 
stant absence of tubercle bacilli should draw 
attention toward the right diagnosis. A 
positive serological reaction is of prime im- 
portance. This may be more strongly posi- 
tive in the pleural exudate, if it exists, than 
in the blood. The physical findings may be 
those of an acute or chronic bronchitis, with 
or without bronchiectasis, or that of acute 
or chronic pulmonary infiltration with or 
without exudative or adhesive pleuritis. 
All findings are usually more localized in the 
middle and lower portions of the lung than 
in the apical parts. RdAles are usually more 
dry, and frequently bronchitic rales are 
heard. Massive cirrhosis and mediastinal 
retractions are frequent. The roentgeno- 
logical appearance is not characteristic. 
Gummata may give pictures similar to 
tumors. All shadows are usually hard and 
well defined. The lesions are usually of 
maximum intensity near the hilum. It is 
important to watch for other roentgeno- 
logical signs of syphilitic infection, such as 
aortitis or aneurysm. The clinical course 
is not characteristic and may closely re- 
semble pulmonary tuberculosis. It is 
usually slow, but high temperature may 
occur. The tendency to shrinking, emphy- 
sema, and retraction is pronounced. Circu- 
latory embarrassment and maximal cyano- 
sis may develop. The diagnosis is difficult, 
and there is no one symptom or sign under 
which the diagnosis can be made. The 
coincidence of the absence of tubercle bacilli, 
a positive serological test and cirrhotic 
changes in the lung is highly suggestive. In 
many cases the diagnosis can only be estab- 
lished by the result of specific therapy, which 
usually brings prompt relief, although the 
roentgenological appearance may not change 
considerably. One should, however, be very 


careful not to explain any and all pulmonary 
pathological changes, in the presence of a 
positive serological test, as caused by pul- 
monary syphilis. The treatment is the same 
as in other cases of tertiary syphilis.— Die 
Lungensyphilis, H. Deist, Klin. Wehnschr., 
February 12, 1929, vii, 314.—(M. P.) 


Tuberculosis in Congenital Syphilis. 
—It is pointed out by the author that the 
combination of tuberculosis and congenital 
syphilis is not so rare in children, and it is 
recommended that a careful control be 
observed with the Wassermann reaction. 
Blood withdrawn by venous puncture can 
be utilized coincidently for the Wasserman 
and the red-cell sedimentation reactions.— 
Tuberkulose und kongenitale Lues, G. Baer, 
Beitr. z. Klin. d. Tuberk., 1928, lxviii, 181.— 


Treatment of Actinomycosis of Lungs. 
—Two cases of pulmonary actinomycosis 
were treated with potassium iodide and re- 
sponded favorably to this form of simple 
medical treatment. Lipiodol was given 
intramuscularly twice weekly, starting with 
1 cc., and increasing up to 10 cc., and po- 
tassium iodide, 10 gr., was given three times 
daily by mouth.—Pulmonary Actinomycosis, 
T. W. Preston, Brit. M.J., December 29, 1928, 
no. 3547, 1172.—(W. I. W.) 


Treatment of Actinomycosis with 
Iodine.—Four cases of actinomycosis of the 
jaw are reported, which were cured by small 
doses of iodine administered in milk. It 
appears that the iodine unites with cream to 
produce an iodized fat.—Treatment of 
Actinomycosis, H. Chitty, Brit. M. J., 
February 23, 1929, no. 3555, 347.—(W.. I. W.) 


Pulmonary Miliary Torulosis.—Most 
of the reports of pulmonary infection with 
Torula histolytica describe chronic lesions, 
and not lesions comparable to miliary tuber- 
culosis of the lungs. A case is reported of a 
negress, aged 30, who developed fever to 
102° and a few rales in the left lung eight 
days after removal of uterine fibromata of 
five years’ standing. Fever persisted, with 
changes in the accessory nasal sinuses, and a 
severe continuous headache. The spinal 
fluid contained 520 cells. A tentative diag- 
nosis of tuberculous meningitis was made, 
until three weeks later cultures of the fluid 
revealed Torula histolytica. The symptoms 
were those of a chronic meningitis, persistent 
headache an outstanding symptom, and the 
patient died three months later. At post- 
mortem the meninges were found involved, 
and there were chronic torula tubercles of 
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the dura along both middle meningeal 
arteries and gasserian ganglia, with erosions 
of the inner tables of the greater wings of the 
sphenoid, as well as acute disseminated 
miliary torulosis of the lungs. The cut- 
surface of the lungs revealed gray-red, 
slightly raised, irregular, granular torula 
tubercles about 1 to 3 mm. in diameter, with 
intervening lung tissue dark red with haem- 
orrhage and hyperaemia. In the upper por- 
tion of the lung the tubercles comprised 60 
per cent of the pulmonic substance. Micro- 
scopic examination revealed a cellular exu- 
date containing torula organisms singly and 
in clusters, but there was no destruction of 
pulmonic tissue, and no new connective 
tissue. Acute miliary torulosis follows a 
blood-stream dissemination of the micro- 
organisms from some chronic lesion. In 
this case all the pulmonary changes were 
acute. The location of the tubercles along 
the gasserian ganglia and meningeal arteries 
suggests that the infection extended along 
these structures from the nasopharynx.— 
Acute Miliary Torulosis of the Lungs, E. F. 
Hirsch and G. H. Coleman, J. Am. M. Ass., 
February 9, 1929, xcii, 437.—(G. L. L.) 


Undulant Fever.—Brucella melitensis 
infection is characterized by waves of fever 
alternating with afebrile periods. Chills, 
sweats, anorexia and loss of weight accom- 
pany the fever in almost all cases. The 
diagnosis of undulant fever is confirmed by 
obtaining the microdrganism by blood- 
culture and by agglutination tests. It isa 
general consensus of opinion that agglutina- 
tion in a dilution of 1 to 50 or higher is evi- 
dence of Brucella melitensis infection. An 
increasing number of case reports in the 
literature shows the more frequent recogni- 
tion of Brucella melitensis infection. Six 
further contrasting cases are reported. 
Three of these originated in Michigan, with 
infection no doubt from the bovine source; 
the remaining 3 were in Utah, with goat’s 
milk as the presumable source of infection. 
It seems probable that the infection resulting 
from the goat strain of the microérganism is 
more likely to produce a more serious clinical 
course.— Undulant Fever (Brucella Meliten- 
sis), R. H. Kampmeier, Am. J. Roentgenol. 
& Rad. Ther., August, 1928, cluxvi, 177.— 
(W. I. W.) 


Undulant Fever.—Brucella melitensis 
var. abortus infection is widely prevalent in 
cattle throughout the country. The micro- 
organism is pathogenic for man. An in- 
creasing number of case reports from all 
parts of the country points to the growing 
importance of this disease as a public-health 
problem. Especially in rural communities 


and small towns is the problem acute because 
of the twofold danger of infection,—direct 
contact with infected animals, and the com- 
moner utilization of raw milk. There is as 
yet a very low index of clinical suspicion of 
the presence of the disease on the part of 
general practitioners, and as a result many 
cases are in all likelihood going undiagnosed. 
Clinical consciousness of the disease will 
lead to the routine testing for brucella 
agglutinins in all undiagnosed fevers. With 
the view of furthering such a clinical con- 
sciousness the clinical data of available 
American case reports have been compiled, 
together with the more important proce- 
dures.—The Clinical Aspects of Brucella 
Melitensis Var. Abortus Infection in Man, 
R. A. Kern, Am. J. M. Sc., September, 
1928, clxxvi, 405.—(W. I. W.) 


Psyechoses and Tuberculosis.—It has 
long been claimed that people affected with 
psychiatric diseases have a higher tubercu- 
losis mortality than the general population. 
If one wishes to compare the two groups, it 
is necessary not to include the age-groups 
below fifteen years of age and above seventy 
years of age in the normal control group, 
since individuals belonging in these age- 
groups are hardly ever inmates of an insane 
asylum. Extensive statistics have been 
published on the subject. Those from the 
insane asylums of Saxony for the years 1900 
to 1924 show that 54 to 1,116 patients have 
died of tuberculosis in 10,000 inmates. The 
large fluctuations are due to the influence of 
influenza and typhoid epidemics and of war 
conditions. If these figures are compared 
with the tuberculosis mortality in Saxony 
for the age group of fifteen to seventy, it is 
found that 3.1 to 9.5 as many insane pa- 
tients as normal people have died. If psy- 
chiatric diseases as direct causes of death 
are omitted, approximately 25 per cent of 
all deaths in asylums are due to tuberculosis, 
showing the prominent part which the dis- 
ease plays. The relation of insanity to tuber- 
culosis is still a question of much conjecture. 
Exposure to the infection, on account of the 
impossibility to maintain a good hygienic 
condition is increased, early symptomatology 
is usually not noted, and crowding may be 
an additional factor to explain the high 
mortality rate. Many authors, however, 
claim that insanity predisposes to tubercu- 
losis regardless of external factors. Others 
claim that tuberculosis plays an important 
réle in the pathogenesis of insanity. All 
statistics show that the coincidence of de- 
mentia praecox and tuberculosis is much 
higher than that of tuberculosis and any 
other type of psychiatric disease. Only 
manic depressive insanity, a relatively rare 


q 
Fy. 
4 


ABSTRACTS OF 


disease, is frequently associated with tuber- 
culosis. It is reasonable to assume that 
there is a greater susceptibility of insane 
individuals to tuberculosis, since their greater 
susceptibility to various other diseases is a 
well-established fact. It is further note- 
worthy that the asthenic type, which is 
quite frequently found in dementia praecox, 
is frequently the type to be found among 
tuberculous patients. Luxenburger com- 
pared the tuberculosis mortality among 
normal sisters and brothers of manic depres- 
sive and schizophrenic patients with the 
tuberculosis mortality of sisters and brothers 
of mentally sound persons. His results 
were as follows: The tuberculosis mortality 
among the nonpsychotic sisters and brothers 
of schizophrenics is approximately four times 
as high as that of sisters and brothers in the 
general population. The nonpsychiatric 
sisters and brothers of manic depressives 
have approximately the same tuberculosis 
mortality as the general population. The 
higher mortality in schizophrenic families is 
undoubtedly an hereditary factor. It is 
assumed that there exists a positive correla- 
tion between the disposition to dementia 
praecox and the hereditary weakness of 
tissues which entails a lowered resistance to 
tuberculous infection.—Geisteskrankheit und 
Tuberkulose, H. Werner, Klin. Wcehnschr., 
February 19, 1929, viti, 367.—(M. P.) 


Preventive Inoculation with BCG.— 
In the past the many attempts to establish 
a reliable system of vaccination against 
tuberculosis have failed because it was not 
realized that the essential character of tuber- 
culosis immunity is very different from that 
of immunity which can be developed against 
the majority of microbean diseases. In tuber- 
culosis, as in syphilis and certain illnesses 
due to protozoa (for instance, piroplasmoses), 
immunity, interpreted as a resistance to 
infection, only appears when the body har- 
bors some elements of the specific parasite, 
and with the express condition that these 
elements are living, are in sufficient number, 
and possess such diminished virulence as 
will not give rise to grave lesions or produce 
functional trouble incompatible with life. 
This fact is now universally admitted. 
Hence, to make the body resistant to viru- 
lent tuberculous reinfections we must first 
seek to produce in them a tuberculous in- 
fection which shall have as little virulence 
as possible, and which can be borne without 
bringing about what is usually called “tuber- 
culosis-sickness.” It has been found diffi- 
cult and dangerous to utilize for this purpose 
living bacilli of normal virulence or spontane- 
ously weakened on account of the danger of 
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producing grave tuberculous lesions. Protec- 
tion could only be attempted with a vaccine 
prepared from bacilli artificially and heredi- 
tarily weakened and definitely rendered 
incapable of producing active infection in 
the body called upon to receive it, and also 
the human subjects and animals met with 
in the environment of the vaccinated sub- 
jects. The author believes that this funda- 
mental condition has been met by his BCG 
(Bacillus Calmette-Guérin) vaccine. In 
conjunction with his colleague, Guérin, he 
has succeeded in obtaining from cultures 
grown for thirteen years on a very alkaline 
ox-bile medium a strain of tubercle bacilli, 
which, while keeping their original antigenic 
properties, have definitely lost all aptitude 
for actively creating tuberculous lesions 
transmissable by reinoculation on such a 
sensitive animal as the guinea-pig. This 
strain has been used since 1921 under the 
name of BCG in experiments in vaccinating 
young calves and children. The complete 
innocuousness of BCG having been demon- 
strated for all animal species, including an- 
thropoid apes, and its protective efficiency 
with regard to natural infection by close 
cohabitation between healthy vaccinated 
animals and contagious tuberculous animals 
having been established, in July, 1921, a 
new born child, aged six days, whose tuber- 
culous mother had just died and who would 
have to be brought up by a grandmother 
suffering with pulmonary tuberculosis, was 
vaccinated with the strain. The child was 
then almost certainly doomed to death but 
stood the vaccine well (by mouth) and is 
still living in perfect health although con- 
tinuously for two years in tuberculously 
infected surroundings. From July, 1924, 
experiments were continued on over 300 
children, of whom 67 were brought up in 
contagious circumstances. It was found 
that, in children as in young animals, BCG 
vaccination is perfectly harmless, that it 
causes no obstacle to normal physiological 
development, and that it appears efficacious 
as an antituberculosis measure, since vacci- 
nated children exposed constantly to tuber- 
culous contagion always remain free from 
tuberculosis. The method first adopted in 
making and administering BCG has scarcely 
been altered. The vaccine consists of an 
emulsion of the attenuated tubercle bacilli 
in a binding fluid (synthetic medium of 
Stanton diluted to one-quarter) in such a 
manner that each dose (1 centigram) con- 
tains four hundred million living germs. It 
is administered in the first ten days follow- 
ing birth in three successive doses, and each 
dose is given forty-eight hours after the 
previous one. The preparation is given ina 
small spoonful of milk. This method of 
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administration was chosen because it has 
been shown that the intestines of a small 
mammal at the breast and also those of the 
young infant to about the fifteenth day after 
birth absorb with great facility microbes and 
even antitoxins. The vaccination of all 
infants is advocated and especially when 
the mother is tuberculous, for then the 
chances of contagion are so frequent that it 
is almost impossible to avoid them. We 
know from long experience how extremely 
serious these tuberculous infections of very 
young children usually are. From July 1, 
1924, up to July 1, 1928, 96,000 children have 
been vaccinated in France with BCG, and 
the method has rapidly spread to many for- 
eign countries. No one has reported patho- 
logical accidents attributed to the vaccina- 
tion and everywhere satisfaction is expressed 
with the results. From French experience 
it would seem that the mortality from 
tuberculosis among the vaccinated is almost 
nil, while among the nonvaccinated brought 
up in tuberculous surroundings it is always 
great. Calmette is convinced that BCG 
can be used without the slightest fear of 
producing harm and that it should be em- 
ployed everywhere where it is possible to 
obtain vaccinal emulsions freshly and 
properly prepared.—On Preventive Vaccina- 
tion of the New-Born against Tuberculosis 
by BCG, A. Calmetie, Brit. J. Tuberc., 
October, 1928, xxii, 12.—(J. S. W.) 


Protective Inoculation with BCG.— 
Calmette’s claims for BCG as a protective 
agent against tuberculosis have stimulated 
a great deal of work. He has laid down the 
following major contentions: (1) BCG is 
nontuberculogenic; (2) it can be transmitted 
from animal to animal without change in 
virulence; and (3) it does not lead to the 
establishment of allergy, yet protects against 
a subsequent development of tuberculosis. 
Experimentation with the strain BCG has 
failed to confirm these claims for (1) BCG is 
tuberculogenic; (2) it can be transmitted 
from animal to animal, although, if the 
strain is without virulence, one would not 
expect a change; and (3) BCG does produce 
allergy as can be readily demonstrated. 
Harmlessness of BCG: The more than 150,000 
inoculations of BCG into children without 
demonstrable deaths is of itself attractive 
proof of the innocuousness of the virus, but 
such a result cannot be accepted, @ priori, for 
the following reasons: (1) Some of these chil- 
dren have died of other causes and have not 
been autopsied, (2) tuberculosis has been 
found (proved) in inoculated children, and 
(3) Calmette has depended merely upon the 
reports of physicians, especially as to the 
cause of death, in unautopsied cases. As to 


the harmlessness of BCG in animals, all that 
Calmette claims is not proved. Further 
analysis of the claims reveals much that is not 
confirmatory. Results from protective vac- 
cination in human beings can be adduced 
only by statistics. Long observation on 
large numbers of persons is necessary if one 
is to avoid or obviate erroneous conclusions, 
because of the character of the disease. 
The children inoculated by Calmette and his 
coworkers were largely of the volunteer and 
therefore highly intelligent type in whom one 
would expect a lower death-rate irrespective 
of the inoculation. In addition to this, 
French figures (mortality rates?) are usually 
regarded as being somewhat high. On the 
basis of statistical results, a certain favorable 
result from the application of Calmette’s 
strain appears to be established, but from 
the standpoint of animal inoculation Cal- 
mette’s own work is incomplete and incon- 
clusive. Calmette claims to be able to 
produce specific protection without specific 
allergy. But his bacillus produces allergy 
to tuberculin which, in children, develops 
about the 20th day and lasts about 10 to 12 
months. Reinoculation would then be 
necessary, but this is not a serious argument 
against BCG, since it is used principally in 
protecting infants during a given period of 
their lives. The results from the use of this 
product resemble closely those from the use 
of killed tubercle bacilli. What position 
shall German medicine take on the question 
of BCG inoculation? In the first place, it 
can be stated definitely that, in the face of 
150,000 inoculations, the product is still on 
trial and in an experimental stage. Sec- 
ondly, if BCG should actually fulfil the hopes 
expressed for it, if it should prove to be both 
innocuous and immunizing, then the question 
would still be asked whether the oral admin- 
istration of the product is efficacious. At 
present we should feel our way along very 
cautiously as regards experimentation on 
children. The product should be used clini- 
cally only in very exactly defined situations 
and only after careful explanation to parents 
who should give their full consent. From 
the standpoint of general hygiene, it is 
important to consider whether mass vaccina- 
tion is desirable at this time when the 
mortality rate from tuberculosis in both 
adults and children has been steadily declin- 
ing and is continuing to doso. Science will 
gain more if careful attention be paid to 
individuals receiving the inoculation than 
to mass trials. Discussion of this subject 
follows at considerable length by Czerny, 
Pfeiffer, Neufeld, Pirquet, Moro, Selter and 
Degkwitz. These are in substantial agree- 
ment with the author.— Ueber die Bedeu- 
tung der Calmetteschen Schutzimpfung gegen 


a 
| 
| 
| 


ABSTRACTS OF TUBERCULOSIS 


Tuberkulose. Eine Umfrage, Bessau, Czer- 
ny, Pfeiffer, Neufeld, Pirquet, Moro, Selter 
and Degkwitz, Deutsche med. Wcehnschr., 
October 12, 19, 26, 1928, liv, 1707, 1759, 
1803.—( H. S. W.) 


Protective Inoculation with BCG.— 
This article is a reply to one previously 
written by Chiari, Noble and Sole of Vienna. 
BCG is an attenuated vaccine in sense of 
Pasteur, consisting of a strain of living 
tubercle bacilli of markedly attenuated 
virulence. The organisms, grown on arti- 
ficial media and in the body, do not lose 
their fixed characters, and can act as antigen 
in vivo and in vitro, possessing the property 
of antibody-formation yet free from the 
possibility of producing virulent reinoculable 
tuberculous lesions in susceptible animals. 
The lesions produced by large doses of BCG 
(over 3 mgm. in guinea pigs) heal and 
disappear without leaving a trace behind. 
The BCG given per os to young suckling 
animals and children are intensively ab- 
sorbed by the intestines so long as the in- 
testinal epithelium is not yet fully formed. 
This absorption reveals itself as a subsequent 
micropolyadenitis. Sensitization to tuber- 
culin only occurs exceptionally and in those 
cases in which the BCG produces lesions in 
the lymphatic system. These lesions heal. 
The extensive tests with BCG since 1921 
indicate that the protective vaccination of 
newly born infants by the stomach route 
during the first ten days of life is harmless, 
and that it confers a resistance to virulent 
intradomiciliary infection during the entire 
term of childhood. The method should be 
utilized wherever the freshly prepared and 
well controlled vaccine from qualified labora- 
tories can be obtained.—Uber die Schutzimp- 
Sung der Neugeborenen gegen Tuberkulose 
durch den BCG (Calmette-Guerin). (Erwid- 
erung auf den vorstehenden Artikel fon H. 
Chiari, E. Nobel und A. Sole, Wien.) A. 
Calmetie, Zeitschr. f. Tuberk., 1928, 1, 38.— 
C&. #. 


Protective Inoculation with BCG.— 
Nobel points out that the vaccine he used 
was viable and that the statistical methods 
used by Calmette are uncertain and unre- 
liable.-—Schlussbemerkung auf die vorstehende 
Erwiderung von Prof. Calmetie, E. Nobel, 
Zeitschr. f. Tuberk., 1928, 1, 44.—(H. J. C.) 


Experiments on BCG.—Two cultures of 
BCG (one from the laboratory at Lille and 
the other directly from Calmette) were used 
in several experiments designed to test their 
pathogenic and prophylactic properties. 
One hundred and thirty-four guinea pigs in 
15 experiments were inoculated with sub- 
cultures of these two original cultures, sub- 
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cutaneously or intraperitoneally, in doses 
which ranged usually from 0.5 to 5.0 mgm. 
but which sometimes reached 20.0 mgm. Of 
these, 92 (68 per cent) failed to develop any 
visible evidence whatever of tuberculous 
infection, 30 (22.3 per cent) showed evidence 
of arrested or retrogressive tuberculous 
lesions, while 12 (9 per cent) developed 
extensive generalized tuberculosis. The 
average duration of life of six (of the nine) 
which died was 10 to 11 months. Thus the 
cultures possessed a low virulence and had a 
capacity to produce more or less marked 
disease in about 22 and serious disease in 9 
per cent of infected animals. The virulence 
was “exalted by further serial guinea pig 
passage; and, as now carried from guinea pig 
to guinea pig, BCG strains... . cause 
typical tuberculosis and death.” There is 
autopsy evidence that, in those animals 
which eventually survive the infection, the 
disease is more marked in the early months 
following inoculation than in later months. 
This would indicate a benign and spontane- 
ously healing disease. But it is of the highest 
significance that the strain is not always 
innocuous. In one experiment of 20 guinea 
pigs, 11 showed no signs of tuberculosis at 
nine months (autopsy), but the remaining 
9 animals showed lesions at longer than a 
year. The average duration of life in 94 
guinea pigs without discernible lesion was 
192 days, that of 32 guinea pigs with local- 
ized lesion was 290 days, and that of nine 
guinea pigs with typical tuberculosis was 309 
days. Time is therefore a very important 
factor in such experiments. Suspensions of 
BCG cultures were inoculated into newborn 
calves, which had come from tuberculin- 
tested, tuberculosis-free herds. After inocu- 
lation, these calves together with non- 
vaccinated controls were fed with milk from 
tuberculous or suspected cows. All (17 of 
them) of the vaccinated and nonvaccinated 
calves showed tuberculous lesions at autopsy. 
It is a fact, however, that now Calmette 
requires the feeding of boiled milk for 30 
days after inoculation before exposure to 
contaminated food is provided. This is a 
wise precaution and other experiments are 
under way on this basis. The only safe 
deduction from the experiments just men- 
tioned is that BCG should certainly be 
considered as being in the experimental stage 
as regards its prophylactic properties and 
as open to question in so far as its innocuous- 
ness and efficacy is concerned.— Researches 
on Bacillus-Calmette-Guerin and Experi- 
mental Vaccination Against Bovine Tuber- 
culosis, E. A. Watson (in collaboration with 
C.W. McIntosh and H. Konst), J. Am. Vet. 
M. Ass., November, 1928, lxii (n.s. xxvi), 799. 
—(H.S.W.) 
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Technic of Cultivation of BCG.— 
The author reviews in detail the various 
methods of importance in the culturing of 
BCG, the suitability of the media, the prep- 
aration and preserving of the suspension 
and the controlling of the avirulence of the 
vaccine. It is believed that a return to viru- 
lence of the culture is practically excluded. 
Extreme precaution is necessary to avoid 
contamination and especially the infection 
of test animals. All tests with BCG should 
be performed in laboratories suited to this 
purpose and having available satisfactory 
vessels and instruments for the purpose.— 
Technik der Kulturen des BCG. Beschaff- 
enheit des Néhrbodens. Herstellung und 
Aufbewahrung der zum Schutzverfahren dien- 
enden Emulsionen. Konirollen hinsichtlich 
Unschiadlichkeit bzw. Avirulenz des Schutz- 
stoffes, A. Calmette, Zeitschr.f. Tuberk., 1928, 
l, 124.—(H. J. C.) 


Pathogenicity of BCG.—Kraus and 
Gerlach claim that the tuberculous altera- 
tions which may be produced by the BCG 
strain in experimental animals always recede 
and never produce a generalized or progres- 
sive disease. The author quotes from a 
paper by Gerlach to show that in a number 
of animals (guinea-pigs and goats) extensive 
and progressive lesions were produced. His 
own findings of progressive and lethal tuber- 
culosis produced by BCG are reiterated. It 
is pointed out that, at the BCG conference 
of the Health Committee of the League of 
Nations, the final resolution does not defi- 
nitely state that the BCG is harmless, but 
that it only takes cognizance of the evidence 
presented in favor of this view.—Experi- 
mentelle Ergebnisse tiber den Impfstoff BCG 
nach Calmetie, E. Nobel, Wien. klin. Wchnschr. 
November 22, 1928, xlvii, 1621.—(M. P.) 


Pathogenicity of BCG.—In answer to 
Nobel’s criticism, it is stated that the 
amounts of BCG used for immunization and 
in its usual application are definitely harm- 
less, and that the experiments on cattle in 
Austria fully support this claim.—Bemer- 
kungen zu den Ergebnissen der experimentellen 
Priifung des Impfstoffes BCG nach Calmette- 
Guérin, F. Gerlach, Wien. klin. Wchnschr., 
November 22, 1928, xlvii, 1622—(M. P.) 


BCG not Virus Fixé.—Kraus desig- 
nated the BCG strain as a virus fixé. Com- 
paring the properties of this strain with 
Pasteur’s virus fixé of lyssa, it is obvious that 
this designation is incorrect. The two 
vaccines have only one property in common, 
that is, that they are different from the 
original strain and that they do not revert 
to the original strain. In all other properties 


they are fundamentally different. BCG 
is avirulent. A virus fixé is virulent and 
may be highly virulent in certain modes of 
application. BCG is pathogenic in its 
mode of application, the virus fixé is not. 
BCG does not act when it is killed, while a 
virus fixé in the killed condition produces 
immunity. The BCG strain can apparently 
not be increased in its virulence, while a 
virus fixé can be increased in its virulence. 
The incubation period of a virus fixé is con- 
stant and independent of the dosage which 
is not the case with BCG.—Ist der Stamm 
BCG ein Virus fixé?, F. Schweinburg, 
Wien. klin. Wehnschr., February 7, 1929, vi, 
164.—(M. P.) 


Observations on BCG.—Heat-killed 
tubercle bacilli should be given an extensive 
trial in exposed children. Guinea-pigs inocu- 
lated with 7 to 20 mgm. of BCG intraperi- 
toneally showed tuberculous changes at 
autopsy after three to four weeks, but after 
three months no macroscopic process re- 
mained, even though histological changes 
might be considered as still present. BCG 
therefore possesses a certain virulence, but 
the changes produced tend to localize and 
retrogress. BCG is a weakened virus vac- 
cine in the sense of Pasteur. It is to be 
regretted that the number of autopsy find- 
ings in cases of intercurrent deaths has been 
small, so that little information is at hand 
as to stomachally introduced tubercle 
bacilli. The Calmette procedure should be 
efficiently tested by qualified workers before 
it is used generally. If it proves protective 
in infants, its extended use in children and 
adults should be considered.—Ziele und 
Wege der Immunitétsforschung zur Bekamp- 
ung der Tuberkulose, R. Kraus, Beitr. z. 
d. Tuberk., 1928, laviii, 686.—( H. J. 
C. 


Report of Conference on BCG.—A 
conference of hygienists and physicians met 
in Paris to consider Calmette’s claims of 
immunization against tuberculosis by inocu- 
lation with BCG. In the conference Cal- 
mette spoke freely both privately and before 
the assembly. He was very earnest but was 
theoretical and appeared to be rather a 
dreamer who accepts loose statements and 
irregular data somewhat uncritically. The 
data on which much of the claims is based 
are certainly open to criticism. One citation 
suffices as anexample: One doctor (in Spain) 
administered BCG to 358 of 880 inmates of a 
foundling hospital. Of these 358 infants, 
158, or 44 per cent, died from all causes, 
while of the untreated infants 33 per cent 
died, and of the entire 880, 36 per cent died. 
Of the treated children which died, only 1.1 
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per cent died of tuberculosis, while of those 
untreated which died 3.8 per cent died of 
the disease. Such data are not altogether 
convincing. It appeared in the discussions 
at the conference that BCG is innocuous and 
that it probably does confer some degree of 
immunization. But it should not excite too 
great hopes for clinical application, despite 
the reports from the veterinarians.—Die 
Sachnerstaendigenkonferenz der Hvygiensek- 
ion des Voelkenbundes betreffend die Cal- 
mettesche Tuberkulose-Schutzimpfung (Paris 
15-18, x), Schlossmann, Deutsche med. 
Wcehnschr., November 9, 1928, liv, 1871.— 
(H. S. W.) 


Survival of Human Tubercle Bacilli 
and BCG in Cattle.—Heymans and Millie, 
in 1905, commenced general tuberculin- 
testing of all cattle at a large agricultural 
experimental station, comprising 300 ani- 
mals on three distinct farms several kilo- 
metres apart. On the smallest, including 
60 to 70 head, all reactors were immediately 
eliminated and eventually replaced by 
healthy animals from the other farms, so 
that after the third test this stable contained 
68 nonreactors. On March 28, 1907, a sac 
containing 0.1 cc. of a 1 per cent suspension 
of human tubercle bacilli in glycerine-broth, 
or about 1 mgm. of bacilli dried on filter 
paper, was placed hypodermically behind 
the right shoulder of each of these 68 animals. 
Twenty-eight of these animals were later 
killed for purposes of domestic economy. 
Each year these were retested with tuber- 
culin, and those slaughtered were subjected 
to careful necropsy. The sacs containing the 
living human bacilli are provisorily im- 
permeable, become encysted, and in a few 
days give rise to a small tumor. But after 
two or three weeks the bacilli pass through 
the wall, which becomes corroded and 
infiltrated by cells, so that even leucocytes 
pass into the interior. The annual tuber- 
culin testing was done with 5 cc. of tubercu- 
lin diluted 1-10 and given subcutaneously. 
Rectal temperatures were taken after 12, 15 
and 18 hours. In 1913 and 1914 the con- 
junctival test was also introduced, using 4 
to 6 drops of crude tuberculin, with readings 
after a two-hour interval. None of the 40 
animals gave a positive reaction to subcutane- 
ous tuberculin during 1907 to 1912 inclusive. 
On May 14, 1913, a reinjection of tuberculin 
was given to the 8 remaining animals, of 
whom one responded with a typical thermal 
elevation but showed no lesion at necropsy 
except the vaccinal tumor. The eye test 
was done on 6 and was also negative. On 
the other hand, on May 14, 1914, the test 
was clearly positive in 6 animals. These 
were again subjected to the subcutaneous 


tuberculin test, one being found positive, 
two suspicious, and three negative. Of the 
original 40 animals 18 were very carefully 
necropsied at Gand; only 4 of them had been 
exposed to tuberculous animals for one to 
two years on other farms. Two of these 
latter animals showed minimal tuberculosis. 
The original small vaccinal tumor was dis- 
covered in 16 and examined. In all cases 
it represented small tuberculous abscesses 
containing bacilli, which stained perfectly 
and which Vercouillie, who is very experi- 
enced in the differential microscopic diag- 
nosis of types of tubercle bacilli, unhesitat- 
ingly pronounced to be human bacilli. 
Thus, the human bacillus, injected into 
cattle, remains human for at least seven 
years. Virulence was tested by guinea-pig 
and rabbit inoculation. In certain cases 
the rabbits, reinoculated with suspensions 
of the lumbar lymph nodes of guinea pigs, 
died as rapidly as is customary after bovine- 
bacillus inoculation. The question of aug- 
mentation of virulence of human bacilli by 
prolonged bovine residence prompted further 
studies on the 6 subjects remaining after 
the 1914 tuberculin tests; but these were 
interrupted by the war after one necropsy of 
an animal with a positive ocular reaction 
and a doubtful subcutaneous one had re- 
vealed no lesion aside from the vaccinal 
tumor. Summary: 1: Cattle may be car- 
riers of living virulent human bacilli six or 
seven years without reacting to tuberculin. 
May not the same thing occur in cattle 
exposed to human bacilliferous sputum and 
vice versa, without a positive tuberculin 
reaction? 2: Such cattle, carriers of human 
vaccinal tubercle, not only fail to react to 
tuberculin but are not in the true sense 
infected. Replacement of living by killed 
human bacilli enclosed in a sac results in 
some, although less, immunity. 3: The 6 
cattle, carriers of human bacilli and not react- 
ing to tuberculin for six years and a half, 
after seven years showed a positive oculore- 
action and a partial thermic reaction 
(subcutaneous injection), yet one showed 
no necropsy lesion; hence it seems that some 
degree of allergy may be induced by incar- 
cerated human bacilli in cattle. It seems 
that their virulence becomes greater than 
that of ordinary laboratory cultures and 
may approach that of bovine bacilli. May 
not bovine bacilli undergo similar changes 
and induce human phthisis? Experiments 
with Calmette’s BCG: One calf was vaccin- 
ated with BCG a few weeks after birth in 
February, 1925, and this was repeated a 
year later. In November, 1925, the oculo- 
reaction was negative but twice during 1926 
it was positive. The animal died of an 
intercurrent infection in October, 1926, and 
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necropsy showed tuberculous abscesses of 
the bronchial and mediastinal lymph nodes, 
containing virulent bacilli for the guinea 
pig. Two vaccinal tumors were also found, 
containing acid-fast bacilli which failed to 
tuberculize 6 guinea pigs. The question 
arises whether any of these bacilli, rendered 
avirulent, can acquire virulence, like human 
bacilli, by residence in the bodies of cattle.— 
La survie du bacille de la tuberculose humaine 
et du BCG dans le corps des bovidés, J. F. 
Heymans, Rev. Belge d. 1. Tuberc., July- 
August, 1928, xix, 151.—(A. P.) 


Disinfection of Dwellings of Tubercu- 
lous.—On June 30, 1927, the French 
Chamber of Deputies voted for a law whose 
principal provisions are as follows: J: Cases 
of open tuberculosis, after every death or 
change of lodging, shall be reported to the 
public health authorities by their physicians. 
2: Disinfection of abodes and _ personal 
objects is obligatory for all cases of infectious 
(open) tuberculosis, after such death or 
change of lodging. A certificate of a pharma- 
cist or of a laboratory will attest to its execu- 
tion and will be addressed to the health 
service within eight days. This service will 
itself take action only in case of resistance, 
negligence or indigence on the part of the 
household. The medical press has abstained 
from comment, although it seems that the 
reasons for or against such legislation should 
be thoroughly aired. The matter of obliga- 
tory declaration of cases of the disease is, 
of course, only one of good sense, since in 
order to protect the public against a disease 
the authorities must know where and how 
widely it exists. The part of the law relat- 
ing to domiciliary prophylaxis, however, is 
open to discussion. Historical Review of 
Disinfection: Following the researches of 
Villemin and Koch the conception was held 
that human tuberculosis was largely trans- 
missible through bacillary dust from desic- 
cated tuberculous sputum, fortified by 
Cornet’s famous experiments in tuberculiz- 
ing guinea pigs by the energetic brushing of 
a carpet on which tuberculous sputum had 
been allowed to dry. The determination of 
the long survival of bacilli in sputum, to- 
gether with the excessive and persistent 
mortality among the occupants of certain 
dwellings, seemed to prove the logic of this 
doctrine irrefutably. Consequently the nec- 
essity of disinfecting the dwellings of the 
tuberculous was imposed as an attempt to 
destroy the bacilli at their source of emission. 
Disinfection was urged by Villemin in 1889, 
again in 1898-1900 by Grancher, and in 
1906 by Landouzy. However, as the practi- 
cal difficulties of frequently repeated disin- 
fection arose, Vallin, in 1889, proposed the 


disinfection of the domiciles of the tubercu- 
lous only after death, and other compromises 
were sponsored by Gilbert, Laveran, 
Grancher and Chauffard. In 1909 a perma- 
nent Commission on Tuberculosis of the 
Académie took up the subject and recom- 
mended that disinfection be obligatory only 
after death, a view adopted by Letulle, 
Robin, Kiiss and others, and proclaimed at 
the International Congress at Rome. Dur- 
ing the succeeding fifteen years our ideas on 
the matter of tuberculosis aetiology and 
prophylaxis have been revised and the no- 
tion of indirect contagion has lost ground. 
Numerous observations have shown that 
tubercle bacilli in the sputum hardly ever 
last three months, despite protection from 
light and desiccation. Only children are 
likely to put their hands on the floor and 
walls. Also, to infect individuals without 
difficulty, the tubercle bacillus, after desicca- 
tion and pulverization, must be suspended 
in the atmosphere inhaled, but in this state 
it is susceptible to the action of light and its 
vitality is soon destroyed. On the other 
hand, Fliigge showed that the tubercle 
bacilli in liquid droplets projected by certain 
coughing consumptives on objects in the 
vicinity retain their virulence not more than 
four to six days, due to exposure to the light 
andair. From the foregoing facts it appears 
logical to conclude that, under ordinary 
circumstances, a very small fraction of the 
tubercle bacilli disseminated in dwellings are 
capable of aerial transmission sufficiently 
to seriously endanger human beings. It is 
now known that the really serious tubercu- 
lous infections result from massive or fre- 
quently repeated doses of normally virulent 
bacilli. Also, to set up a progressive tuber- 
culosis, they must encounter persons free 
from previous infection, such as young 
children. Once early childhood is past, such 
grave infections become rarer, and benign, 
usually occult, infection more common. 
Minimal, paucibacillary contaminations, to 
use Bernard’s term, as in the case of aerial 
suspensions, are too dispersed and diluted to 
be very dangerous. Those adults who be- 
come tuberculous do so not from fresh con- 
tagion, with rare exceptions, but from a re- 
activation of foci which have remained latent 
or dormant since childhood or adolescence. 
Such a conception relegates infection from 
contaminated dwellings to a very minor 
place. Furthermore, procedures really cap- 
able of destroying all the tubercle bacilli 
deposited in dwellings involve practical 
complications. Roux, Director of the Pas- 
teur Institute, in 1912 declared that most of 
the dried bacilli become innocuous in less 
than two weeks and that disinfection of 
dwellings can scarcely be expected to exert 
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much effect in diminishing tuberculosis mor- 
tality. It is evident that to prevent massive 
bacillary dissemination the essential thing 
is to intervene, as soon as possible after the 
appearance of open tuberculosis, between the 
carrier and the infectable persons in his en- 
tourage, and that certain personal objects 
used by him must also be taken care of. 
Disinfection when applied directly to bacil- 
liferous sputum, carefully collected, is fully 
justified and effective. But as regards 
places, the simple processes of cleaning suffice 
for all practical needs. This simple modern 
domiciliary prophylaxis has been rendered 
effective thanks to the activities of dispen- 
saries and visiting nurses. Moreover, the 
efficacy of the common methods of disinfec- 
tionis disputed. Vallen, in 1906, convinced 
that formaldehyde vapor would not certainly 
kill the tubercle bacilli in the dust of dwell- 
ings, or in dried sputum on walls and floors, 
assured the Académie that simple washing 
with warm water containing corrosive subli- 
mate or Javelle water could be considered 
sufficient, while Daremberg declared that in 
place of chemical agents one should rely on 
continuous aeration, accompanied by thor- 
ough scrubbing and exposure to sunlight if 
possible. Kerstein, in a report to the Ger- 
man Central Committee, stated that even by 
vaporizing a given amount of formol solution 
per area the effects were uncertain and that 
mechanical measures, such as soap, water 
and scrubbing-brush, were more effective. 
Roux, in 1912, called attention to the difficul- 
ties and inconveniences involved in the dis- 
infection of domiciles and the attending un- 
desirable publicity. American physicians 
have proved particularly competent and ex- 
perienced regarding tuberculosis prophy- 
laxis and they attach very little importance 
to disinfection of habitations. Gunn, of 
Boston, has referred to formalin disinfection 
as a fetich, while Vincent has also criticized 
it as ineffective. The recommendations of 
the American Public Health Association, 
worked out by Chapin, Park, Flexner, and 
Smith, and signed by other eminent authori- 
ties, do not include domiciliary disinfection, 
while the Prussian regulations apply only to 
such personal objects as beds, mattresses, 
clothing and linen. The Americans recom- 
mend cleaning with brush, soap and warm 
water, and carbonate of soda. Unhappily, 
French politicians have not heeded any of 
the foregoing authorities, and to complete 
the inaninity of the procedure have specified 
no particulars other than formaldehyde 
vaporization. The text of the law evolved 
mysteriously by the Commission of Health 
leaves the details of the procedure to the 
competence of the pharmacist or disinfecting 
laboratory, so that instead of a thorough 


cleaning we may have a sacramental vapori- 
zation of formalin! No public hearing was 
givenonthe matter. Thus weare to have in 
France a pitiful routine of formalin disinfec- 
tion which will probably be only exception- 
ally carried out, prescribed and supervised 
by incompetent persons, while most physi- 
cians remain indifferent or bound by tradi- 
tion, while Germany and the United States, 
under the influence of progressive scientific 
knowledge, have replaced this almost useless 
measure with practical precautions of clean- 
liness and supervision.—La désinfection du 
logement des tuberculeux, E. Arnould, Rev. 
Belge d. l. Tuberc., July-August, 1928, xix, 
159.—(A. P.) 


Prognosis in Pulmonary Tuberculosis. 
—The German classification of pulmonary 
tuberculosis is based essentially on the extent 
of the lesion (Turban). This classification 
implied the belief that the second and third 
stages develop from the first stage, which 
latter comprises chiefly localized apical 
lesions. Later studies emphasized the im- 
portance of a qualitative diagnosis. The 
French school differentiates chiefly between 
the period of primary infection and the 
period of reinfection. Based on the studies 
of Bard-Pierry, many different types of dis- 
eases were formulated in whose differentia- 
tion the prognostic point of view was 
predominant. The practical results are 
that in Germany the majority of all sana- 
torium patients were those with apical 
tuberculosis, while in France these forms 
had been recognized as abortive disease, 
and the sanatorium received chiefly destruc- 
tive and bacilliferous lesions. It is fully 
acknowledged now in German teaching that 
the Turban classification is prognostically 
insignificant. It is recognized, too, that 
exudative types cannot be identified with 
malignant types, nor the productive-cir- 
rhotic types with benign ones. The disease 
in the same patient frequently varies from 
benign to malignant conditions. The latter 
are chiefly those which show caseation and 
liquefaction. A correct prognosis cannot 
depend on the question of whether a lesion 
is exudative or not, but must decide whether 
this lesion is destructive or not. The course 
of tuberculosis is almost never continuous, 
but it occurs in exacerbations. The diag- 
nosis of such exacerbations is most 
important. Every new focus and every 
exacerbation represent an exudative phase. 
This dictum is well substantiated by patho- 
logicoanatomical studies. The roentgeno- 


logically demonstrable infiltration is com- 
posed of the central focus and perifocal 
inflammation. 


The exudate may be re- 
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sorbed or may terminate in induration. 
An acute infiltration usually simulates a 
larger lesion than the one actually existing. 
A prognosis can only be pronounced for each 
existing exacerbation, and not for the whole 
course of the disease. The primary infil- 
trations in children are frequently mistaken 
for caseous pneumonias, and their prognosis 
as a rule is better than what one would expect. 
In infants only 30 to 40 per cent of lobar 
infiltrations go on to excavation. This per- 
centage decreases with increasing age. If 
cavitation occurs, however, the prognosis is 
very poor. Secondary infiltrations are 
formed around older foci. They are very 
frequent in childhood, and they are found 
particularly near the hilum. Only a very 
small percentage of these perihilar infiltra- 
tions excavate, and as a rule their prognosis 
is favorable although they have a marked 
tendency to recurrence. In both primary 
and secondary infiltrations the prognosis 
depends very much on the question of 
whether repeated superinfections can be 
prevented or not. Haematogenous propa- 
gations, which are frequently seen in children 
following the primary infection, are usually 
given a graver prognosis than they deserve, 
while their scarified residues are frequently 
underrated in importance. As long as the 
occult bronchial lymph-node focus exists, 
repeated propagations may occur whose 
severity cannot be predicted. The haema- 
togenous foci, which localize in the apical 
fields, show less tendency toward healing 
than in other areas. It is frequently ob- 
served that lower foci will completely resorb, 
while apical foci remain visible for the rest 
of life. This is the reason why apical scars 
as residua of haematogenous propagations 
in childhood are so frequently found in adult 
life. But these scars should not be diagnosed 
as incipient foci. The beginning of pulmo- 
nary tuberculosis in adult life is always 
marked by the appearance of acute infiltra- 
tions. It does not matter whether they 
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occur in the apices or in lower portions. 
Apical foci should be differentiated into acute 
infiltrative and chronic indurated ones just 
the same as foci in other parts of the lung. 
One finds in the apical fields early infiltra- 
tions, primary foci, isolated haematogenous 
metastases from childhood, and indurated 
foci as a result of secondary infiltrations, 
and pleuritic-atelectatic scars. Whether 
these scars are important in phthisiogenesis 
is undecided. In other words, it is not 
known whether the early infiltration is an 
endogenous metastasis from an apical scar, 
or is due to an exogenous superinfection. 
Since, according to pathological findings, 
90 per cent of all adults show apical scars, 
it is impossible for practical work to consider 
all bearers of apical scars as prospective 
consumptives. Regardless of pathogenesis 
it must be stated again that the early infil- 
tration is the clinically demonstrable be- 
ginning of progressive pulmonary tubercu- 
losis in adults. The roentgenological ap- 
pearance of the early infiltration is well 
established by recent work. The clinical 
signs are frequently deceiving. Approxi- 
mately 60 per cent of these lesions excavate 
if not treated. Under proper rest, and pneu- 
mothorax treatment if indicated, the 
prognosis is much better. But a sufficiently 
early diagnosis is only rarely made. The 
patients come under medical supervision only 
when the second or third exacerbation occurs. 
Cavities are then present in a large number 
of patients, and medical action is chiefly 
concerned with the indication and possibili- 
ties of collapse therapy. Even in cases of 
an indurated early infiltration, the prognosis 
should be guarded, since recurrences occur 
not infrequently. The single exacerbation 
has usually a fair prognosis, but the successive 
exacerbations which occur render the total 
prognosis less favorable.—Klinische Gesichts- 
punkte zur Prognosestellung bet der Lungen- 
tuberkulose, F. Redeker, Klin. Wehnschr., 
January 29, 1929, v, 193.—(M. P.) 
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General Practitioner and Tubercu- 
losis.—It is almost always true that the 
family physician has the first opportunity 
not only to ascertain the presence of tuber- 
culosis but to give battle for the cure of the 
afflicted and prevention of further conta- 
gion. The obligation is his to make such 
early diagnosis and take such steps as will 
provide proper safeguards for all, and no 
organized campaign against tuberculosis or 
any other disease can be carried to a success- 
ful conclusion without his whole-hearted 
support and assistance. Although in twenty 
years the tuberculosis mortality has been cut 
in half, 100,000 persons in the United States 
still succumb annually, about 2,000,000 
have tuberculosis in some form and nearly 
1,000,000 have active pulmonary tuberculo- 
sis. Even after twenty years of intensive 
educational publicity the diagnosis is still 
often delayed for six months to a year or more, 
entailing incalculable suffering. The only 
reasonable excuse for this is failure of the 
patient to consult a physician. Most im- 
portant it is for the physician to suspect 
tuberculosis, particularly in chronic illnesses. 
Early diagnosis may be hard or easy, but a 
definite or probable diagnosis can generally 
be made if the patient is diligently and 
methodically studied. Many failures to 
make an early diagnosis are due to failure 
to take a careful history and make a care- 
ful examination. Especially should the 


examination be most careful and conscien- 
tious if the symptoms complained of are 
vague and indefinite, and facetiousness or 
frivolity are quite out of place. It is in- 
finitely better for the physician to be sur- 
prised to find tuberculosis than to be cha- 
grined later to find another physician has 
made the diagnosis. The first step is to 
obtain the history, past and present, and 
follow up all clues. In this a definite plan or 
scheme, not too lengthy and cumbersome, 
should be followed. The same is true of the 
examination itself. In this auscultation is 
perhaps most important, except in children, 
and it is important to listen intelligently and 
purposefully, both on deep inspiration and 
after expiratory cough. Frequent use should 
be made of the X-ray examination, espe- 
cially in border-line cases. If in doubt, the 
physician should consult the chest specialist, 
chest clinic, or sanatorium medical super- 
intendent, and the conscientious physician 
will familiarize himself with such resources 
available. After an early diagnosis has 
been made the patient should be promptly 
informed and the nature, curability and 
essentials of treatment explained. Dis- 
honesty is tragic for both patient and 
family. It is mistaken kindness. Nobody 
will assume all the requirements of treatment 
unless informed or carry out the proper 
protective measures with respect to others 
in the household. ‘‘Nervousness” is no 
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excuse for deceit or half-truths. It is better 
for the physician to lose the patient than to 
lose his own self respect. Treatment: We 
now know that it is possible to so thoroughly 
heal tuberculosis that the disease process 
cures by absorption rather than by fibrosis, 
as long taught; also that it is possible for 
cavitation .to disappear. For the great 
majority of patients treatment in a well- 
conducted sanatorium is best, at least for 
several months, and it is the duty of the 
physician to be informed as to the sanatorium 
treatment available, the method of pro- 
cedure for admission, cost of treatment, 
and how to secure admission to public insti- 
tutions of patients unable to assume the full 
expense. If the physician accepts the 
serious responsibility of home treatment he 
should be willing to give much time and 
thought to every detail and advice as to 
building sleeping porches or making other 
arrangements for outdoor living. The pro- 
gram of treatment should be outlined to both 
patient and family, as an uninformed family 
may prove a serious detriment to progress. 
Good judgment should be used in fresh-air 
dosage and exposure, especially in severe 
winter weather. Regarding diet, three 
nourishing meals with three or four glasses of 
milk a day are enough, and when the patient 
attains a safe reserve above normal weight 
these may be reduced. It is not advisable 
to make the patient get too fat. Pro- 
phylaxis: It is the duty of the physician to 


give detailed directions as to disposal of 


sputa or other excretions and sterilization 
of dishes and other articles used. The serv- 
ices of the public-health nurse should be 
used and teaching repeated as often as 
nécessary. Contacts in the family should be 
examined. It is important to recognize and 
watch children who are infected _ if the real 
incipiency of the disease is to be attacked. 
These children do very well under watchful 
care but very badly without it. The idea is 
too current that a positive tuberculin skin 
test is of no practical significance. The 
latent or ‘“‘pretuberculous” stage in children 
is highly important. If the physician is alert 
for early indications of tuberculous infection. 
and disease he will prevent many adult 
pulmonary cases and contribute materially 
to continued declines in tuberculosis mor- 
tality. Children in good physical condition 
with a positive skin test may not need any 
special treatment but those who have symp- 
toms and are below par, especially if there 
is X-ray evidence of tracheobronchial 
lymph-node involvement, do need it. In 
many of these, especially above 12 years of 
age, early pulmonary changes are detectable. 
However, most of these cases are easily and 
quickly curable. In New Hampshire about 
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300 such little patients made almost without 
exception an immediate and rapid response 
getting up to normal nutrition and losing 
symptoms, and most of them under home 
treatment, with regulation of the life of the 
child, particularly with reference to rest, 
sleep and diet, with the addition of codliver 
oil. Of 37 children with active pulmonary 
tuberculosis, 14 with bacilli in the sputum, 
10 have died, 3 are failing, 11 improving, 
and 13 have reached an arrest. All these 
latter have required prolonged treatment 
and supervision. A series of tuberculin 
tests on 1090 children in New Hampshire 
showed 43 per cent positive reactors, which 
is comparable to the results of surveys in 
New York and Massachusetts. Rehabili- 
tation and Education: Upon the return of 
the patient from the sanatorium the physi- 
cian again has serious responsibilities and 
problems. In the hopeless progressive cases 
he can alleviate and ease the rigors of the 
long trail to the grave. He should also be 
a teacher of preventive medicine and active 
in all proper antituberculosis activities, as 
an influential and respected citizen.— The 
Responsibility of the General Practitioner 
of Medicine for the Cure and Prevention of 
Tuberculosis, R. B. Kerr, New England 
J.M., June 6, 1929, cc, 1201.—(A. P.) 


Pre-Sanatorium Experience of Tuber- 
culosis Patients.—Twenty-five sanatoria 
were asked to participate in this piece of 
social research, selected as representative of 
both public and private institutions in dif- 
ferent sections of the United States and 
Canada. Eighteen of these finally co- 
operated. They were asked on a specific 
day to take a history of every patient who 
had entered with pulmonary tuberculosis, 
excepting children, the mentally subnormal, 
and those transferred from other institutions. 
The history form is given in full. The 
assembling of histories began in the summer 
of 1927 and was completed in February, 
1928. The number for white persons con- 
forming to requirements was 1499, 762 men 
and 737 women. Exclusive of Canada, this 
represents about 2 per cent of sanatorium 
beds in the United States. Relatively more 
men than women were in the far-advanced 
stage. The largest proportion of minimal 
cases was admitted in the early twenties, 
but even so it constituted only 16 per cent 
at this age, and 12 to 13 per cent for all 
ages. There was a decided preponderance 
of single men and women, higher than for 
corresponding age-groups at large. Doubt- 
less the reason is that the married tubercu- 
lous individual, man or woman, is apt to 
feel the responsibility of the home too much 
to leave it. Another cause may be that 
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many single persons have no homes in which 
to be cared for. Thirty-three per cent of 
the patients sought medical advice within a 
month after the first symptom and 1 per 
cent before any symptoms (contacts, routine 
examinations, etc.). Twenty-four per cent 
delayed from 1 to over 20 years before con- 
sulting a physician. Forty-three per cent 
were diagnosed by physicians within a 
month of first seeking advice, and 20 per 
cent at the first visit. This is distinctly 
encouraging. Less so is the fact that 16 per 
cent had to wait a year or more before being 
advised they were tuberculous. So far as 
the histories show, the stage the tuberculosis 
had reached by the time the patient entered 
the sanatorium had little relation to the 
celerity with which the patient sought the 
doctor or with which the doctor made a 
diagnosis. The whole sanatorium group 
showed about 12 per cent minimal, 43 per 
cent moderately advanced and 45 per cent 
far advanced. About the same proportion 
of each group was diagnosed on the first 
visit, about 20 per cent. These figures con- 
firm what clinicians generally believe, that 
there is a vast amount of concealed tubercu- 
losis which frequently does not become 
evident until the lungs are considerably 
involved. This suggests that much more 
attention needs to be given to the examina- 
tion of the apparently well——A Study of 
What Tuberculous Patients Experience Prior 
to Their Admission to a Sanatorium, L. R. 
Williams and A. M. Hill, New England 
J. M., July 11, 1929, cci, 82.—(A. P.) 


Tuberculosis in Old Age.—There is 
much more tuberculosis in the aged than 
has been formerly supposed. Data show 
that the death-rate in the seventh decade 
is higher than that in younger decades. In 
the dissection of 1800 corpses of elderly 
people, 117, or 9 per cent, were found to have 
had recent and 324 cases old, stationary or 
slowly progressive tuberculosis. Most of 
these instances of old, healed tuberculosis 
appeared to have recently become reacti- 
vated. This undoubtedly may be brought 
about clinically by diabetes, influenza (fol- 
lowed by rapid spread), grippe and some- 
times neoplasm. Occasionally new tubercu- 
losis is observed in association with 
starvation, sepsis, injury, etc. Such lesions 
are especially at the apex and not in the 
infraclavicular regions. Cavity is uncom- 
mon (10 per cent) in the cases described, and 
may exist as a solitary cavern without dis- 
semination, although it may contain large 
numbers of tubercle bacilli. Seeding of one 
lung was observed in about 10 per cent of the 
cases of tuberculosis. But tuberculosis in 
elderly people is frequently associated with 


emphysema. The clinical (physical, roent- 
genological and laboratory) findings may 
resemble those in younger people. But 
when the cartilages are ossified, the per- 
cussion findings are slight, with little or no 
change in Krénig’s isthmus, voice-sounds 
are moderately distant generally, but more 
intensified over infiltrated areas, there are 
but few rales after cough. These findings 
are not trifling. The X-ray usually reveals 
much more than one inexperienced in the 
examination of chests of old people would 
expect, and the plate is indispensable. The 
sputum frequently contains tubercle bacilli, 
despite what many authors state. This 
examination should be done much more often 
than it is in an old person with a chronic 
cough, even if it is but to protect those in 
his surroundings. It is often not done be- 
cause the patient has been coughing for 
many years, from bronchitis. Haemoptysis 
is not uncommon, but slight pulmonary 
bleeding is exceptional. Fever is frequently 
absent, but the pulse tends to be rapid. 
Rectal temperature only is permissible in 
the aged. The appetite is frequently good 
even in the face of some emaciation, but 
there is some weakness, although many pa- 
tients may pursue their normal occupation 
without undue complaint. A florid type of 
the disease is very unusual.. A few such 
have been seen in diabetics. As a rule the 
course is very slowly progressive, with symp- 
toms inconspicuous. Occasionally some in- 
tercurrent pulmonary disease causes a 
hastening of the process. When tuberculo- 
sis is associated with emphysema, signs and 
symptoms of the latter predominate, with 
the exception of clouding of the apex, a few 
fine rales, and bacilli in the sputum. The 
local and focal reactions to tuberculin are 
present. The prognosis depends on several 
factors, including the condition of the heart. 
Florid types may recover. Laryngeal, in- 
testinal or serous-sac tuberculosis add to the 
gravity of the outlook as do the presence of 
diabetes and a pronounced cardiac weakness. 
The diagnosis may be very difficult. Weak- 
ness, debility, anorexia, subnormal tempera- 
ture in the aged, especially if tuberculosis is 
known to have been present in the family, 
suggest tuberculosis even when signs in the 
lungs are wanting. The tuberculin reactions 
are of great help. Every case of chronic 
bronchitis should be carefully investigated 
in order to eliminate tuberculosis. Pro- 
phylaxis is important, especially such general 
measures as abundance of rest, lessening of 
strain and prevention of excessive use of 
alcohol. It is of importance to protect the 
surroundings of ali coughing people of old 
age, especially since the care of children is 
often delegated to the older members of the 
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household. Old people pet and fondle 
children, feed them with their own eating 
utensils, sleep with or near them and are 
often very careless about their spitting, etc. 
In treatment tuberculin is of great impor- 
tance but sometimes is contraindicated 
because of the presence of other diseases, and 
lack of codperation. Initial dosage should 
be small and the increase slow. It is fre- 
quently observed that many symptoms 
improve greatly, but not in all cases by any 
means. It is palliative only. All other 
treatment is general and also palliative. 
Too much opiates are not advisable because 
a certain minimal amount of cough is neces- 
sary. Sanatoria in high altitudes are not 
favorable to old people.—Repetitorium der 
Alterskrankheiten: die Lungentuberkulose in 
Senitum, H. Schlesinger, Deutsche med. 
Wehnschr., January 4, 1929, lv, 18.— 
(H.S.W.) 


Tuberculosis Reporting and Mortal- 
ity.—It is trite to say that early discovery 
of pulmonary tuberculosis is of prime im- 
portance to accomplish permanent results in 
treatment, yet neither patient nor physician 
can always be held responsible for delay in 
discovery since the symptoms often do not 
appear until the process has advanced 
pathologically, the keenest ear may not 
detect the lesion, and the help of X-ray 
films is not always sought; in addition, 
opinion is not unanimous on what constitutés 
an early case. However, the National 
Tuberculosis Association in its Spring cam- 
paign has brought forward the optimistic 
slogan “Early discovery—early recovery.” 
The reporting of tuberculosis in Massa- 
chusetts began in 1907. For ten months of 
the year 1928 there were 2,545 deaths 
recorded from all forms of tuberculosis (up 
to November) of which slightly under 10 per 
cent had never been reported, 18 per cent 
reported after death, and 13 per cent less than 
a month prior to death, and, altogether 
58 per cent within a year of death. The 
relative position of tuberculosis among the 
first 10 causes of death has changed from 
first in 1902 and 1907 to sixth in 1927. 
Under the age of one year it has dropped 
from third to eighth. From 40 to 49 it 
remained first through 1917 and in 1922 
and 1927 has moved to third. In the age- 
group 15 to 40 it still remains first. The 
diminution in early infancy has no doubt 
been due to better milk-supply; since most 
of these cases were extrapulmonary, es- 
pecially abdominal. Even for the ages 15 
to 40 there has been improvement, the 
percentage of all deaths dropping from 37 per 
cent in 1902 for ages 15 to 19 to.29 per cent 
in 1927. For ages 20 to 29 there has been 


a 5 per cent decline, for 30 to 39 a 10 per cent 
one, and for 40 to 49 one of 2 per cent.— 
Tuberculosis Reporting and Tuberculosis 
Mortality, D. Zacks, New England J. M., 
May 16, 1929, cc, 1036.—(A. P.) 


Pitfalls in Statistical Study of Tuber- 
culosis.—Two problems are discussed as to 
sources of error in making comparisons of 
statistical data. The first involves investi- 
gations into the relative importance of 
infection by the tubercle bacillus and consti- 
tutional or acquired resistance to it. In 
this study serious fallacies are often intro- 
duced in the choice of control groups. An 
example is the use of patients attending 
institutions for the tuberculous who have 
been diagnosed as nontuberculous as a 
control group for contrast with the tubercu- 
lous in the study of heredity. The error 
lies in the fact that the former group is 
founded on the basis of a family history of 
tuberculosis. The principle to be empha- 
sized here is that the causes which have led 
to the formation of the control group must 
be independent of the special factors which 
are being investigated. This is usually 
ensured by using as a control group the 
entire population, thus eliminating selection 
of any kind from the control group. It must 
not be forgotten, however, that the entire 
population contains within it all the sub- 
groups which are being contrasted with it. 
The second problem involves investigations 
into the comparative value of sanatorium 
and domiciliary treatment as judged by the 
mortality or progress of groups of patients 
subjected to the two forms of treatment, as 
follows: 1: In the differentiation of ‘‘sana- 
torium treated” from otherwise treated cases 
the fallacy lies in the fact that patients who 
do not survive the time from first observa- 
tion through the minimum period of sana- 
torium residence automatically fall into the 
“otherwise treated” group. A like group 
should be excluded from both classes of 
cases. 2: The effect of variations in the 
age constitution of the groups compared may 
be eliminated by using the ratios of actual 
deaths to deaths expected from life-table 
populations of the same ages. 3: In the 
exclusion from consideration of cases with 
“diagnosis not confirmed,” an error arises 
because of the better opportunities for 
diagnosis of the sanatorium treated cases. 
One should calculate the survival rates of 
the definite plus suspect cases in each in- 
stance as a check upon the rates for the 
definite cases alone. 4: In comparisons 
between sputum-positive groups of cases 
error may arise because of more thorough 
examination of sputum in sanatoria, result- 
ing in more positive cases in this group. 
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Another factor is the greater tendency of 
sputum-positive cases to go to sanatoria. 
The remedy is to compare both sputum- 
positive subgroups and whole groups, that 
is, sputum-positive and sputum-negative 
groups combined. It is thought that by 
carefully taking into account and allowing 
for such possible sources of error it is not 
impossible to reach a definite conclusion on 
this important question of the compara- 
tive value of sanatorium and dispensary 
treatment of tuberculosis.—Some Pitfalls in 
the Statistical Study of Tuberculosis, P. 
Stocks, Brit. J. Tuberc., October, 1929, 
xxiit, 169.—(R. M. F.) 


Tuberculosis Survivals.—During the 
period from the commencement of notifica- 
tion in 1909 through 1928, 3,114 persons 
were notified as suffering from pulmonary 
tuberculosis in Ipswich (England). Of 
these, 1,613, or 51.8 per cent, are known to 
be dead; 1,145, or 36.7 per cent, are known 
to be alive; and 356, or 11.4 per cent, have 
not been traced. By far the greatest num- 
ber of deaths occurs within one year of 
notification, and the number of deaths 
diminishes rapidly as the date of notification 
recedes. Thus it appears that more than 
one-half of the recorded deaths (over 27 per 
cent) occurred within one year of notifica- 
tion and 90 per cent within five years. Over 
46 per cent of all the notified cases were 
dead within five years. For the last six 
years the proportion dying within the first 
year has been about 24.4 per cent. On the 
other hand, the deaths during the second 
year were just over 10 per cent of the 
notifications for the six years ending 1927 
as compared with 10.5 per cent for the whole 
period. For the third year the average 
experience of to-day corresponds very 
closely with the average of the whole period. 
The tuberculosis scheme for Ipswich is 
singularly well equipped for securing the 
provision of prompt institutional treatment 
for all cases requiring it.— Tuberculosis 
Survivals: The Mortality Experience of the 
Cases of Pulmonary Tuberculosis Notified 
in Ipswich since 1909, A. M. N. Pringle, 
Brit. J. Tuberc., October, 1929, xxiii, 175.— 
(R. M. F.) 


Tuberculosis in Tropics.—Tuberculosis 
is rare, even absent, in certain isolated spots, 
such as the upper Zambesi, parts of the 
Cameroons, and the interior of the Trans- 
vaal. Since primitive tribes are intensely 
susceptible to tuberculous infection this 
rarity is due, not to immunity, but to the 
nonintroduction of the tubercle bacillus. 
Figures are given for several British colonies, 
indicating the high incidence and mortality 


where tuberculosis has been introduced, and 
showing that as the morbidity rises. the 
mortality decreases. The European in the 
tropics is relatively less susceptible than the 
native and more susceptible than the 
European at home, not because he bears an 
inherited resistance, but more probably 
because he possesses a higher power of 
acquiring resistance than the native. When 
comparing the white with the black races a 
more important factor than mere susceptibil- 
ity is the mode of life. The causes of the 
prevalence and spread of tuberculosis among 
the natives are chiefly the introduction of 
the tubercle bacillus into “virgin soil,’’ 
crowding, poor hygiene, industrialism, the 
universal spitting habit, and early marriages 
with frequent insanitary parturition. 
Tuberculosis without pulmonary involve- 
ment is rare. “Virgin soil” or. “natural” 
tuberculosis is defined as the disease following 
infection of the nonimmunized, and ad- 
vances in three not definitely separated 
stages. From the primary focus, usually 
but not necessarily always single, the lym- 
phatic system provides the principal channel 
for the transference of tubercle bacilli to 
distant parts of the body in early cases. 
The second stage, then, is adenitis of the 
cervical, mesenteric or tracheobronchial 
nodes. While normal lymph nodes retain 
the bacilli, reacting to form tubercles, en- 
larged and inflamed nodes may let the 
microdrganisms through. Under unfavor- 
able conditions, among which must be 
included massive infection, dissemination 
occurs, resulting in a caseous pneumonia or 
bronchopneumonia, or a focus may open into 
a blood-vessel, and general distribution 
result. The chief negative characteristic of 
such “virgin soil” tuberculosis is the absence 
of any attempt at delimitation of lesions. 
A “larval” type of disease is described, in 
which presumably there has been an ante- 
cedent subinfection with a more recent slight 
and not too frequent reinfection. The type 
presents no sign of disease except a positive 
reaction to tuberculin. Such cases are, 
however, in a state of unstable equilibrium, 
and may remain well or become acute or 
chronic types of the disease, dependent 
upon the force of circumstances. If death 
occurs from disease other than tuber- 
culosis, healed tubercles are not found at 
autopsy. The “larval” type is intermediate 
between the “virgin soil” type and the 
“modified” or chronic type, but verges to 
the former. In the native the chronic type 
may follow the “larval” stage after repeated 
autoinoculation. All who have studied 
tuberculosis in the tropics have been struck 
by the rarity of so called “surgical tubercu- 
losis.” The tropics offer many disadvantages 
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as a health resort, some of which are the 
necessity of indoor life to avoid the tropical 
sun, the irksomeness of travel, the general 
discomfort, the lowering of mental and 
physical energy, and the liability to parasitic 
diseases and to infections such as enteric 
fever and dysentery. The idea of the effi- 
cacy of the tropics as a health resort arose 
from the mistaken view that absence of the 
disease among primitive races was due to 
immunity, which was the result of climatic 
conditions and exposure to the sun’s rays.— 
Tuberculosis in the Tropics, H. H. Scott, 
Brit. J. Tuberc., October, 1929, xxiii, 179.— 
(R. M. F.) 


Tuberculosis in India.—Except only 
malaria tuberculosis is the greatest cause of 
death in India. Contributory causes of the 
widespread distribution of tuberculosis are 
the introduction of Western civilization with 
the consequent changes in the social, 
economic, and industrial environment, and 
the native customs, such as child marriage, 
confinement of women indoors, and inter- 
marriage within the caste. The course of 
the disease is usually acute, with death 
within a few months, though there are occa- 
sional chronic types. Where the people live 
the more primitive outdoor life there may 
be found many quiescent cases able to work. 


Any plan of treatment should be directed at 
social, economic and sanitary reforms, treat- 
ment and prevention of disease in children, 
and early recognition and treatment in 


adults. The sanatorium still offers the best 
means of treatment for all cases. There are 
only about eighteen such institutions in all 
India with its three hundred and twenty 
millions of people. The best plan is fora 
garden colony incorporating a sanatorium. 
In 1928 the author established such a unit 
at Thambaram, with the idea that similar 
units should be built for each of the Presi- 
dency capitals, but there has been a lack of 
financial help from the Government and 
the Indian public— The Problem of Tuber- 
culosis in India, C. Muthu, Brit. J. Tuberc., 
October, 1929, xxiii, 190.—(R. M. F.) 


Incidence and Types of Phthisis in 
Wales.—It has long been known that it is 
possible to classify the various racial and 
social groups of mankind according to the 
clinical type of tuberculosis which tends to 
prevail among them. Among the native 
African people, the so called “natural’’ form 
of tuberculosis, an acute type of disease with 
a tendency to a general infection, is most 
often seen, whereas in the more complex 
communities, such as are found in China and 
India, the inhabitants exhibit an inter- 
mediate type of disease between the 


“natural” and the “modified” forms, char- 
acteristic of Western Europe and the 
United States. In Wales there exists a very 
definite correlation between the clinical type 
of tuberculosis and the racial and social 
groups of people. Both the “natural” or 
acute type of disease and the “modified” 
forms are prevalent. In upland rural Wales, 
where the inhabitants are predominantly of 
the dark, short, Mediterranean stock, acute 
tuberculosis among young adults is the most 
prevalent form. Here too the death-rate is 
high. The occupation of these people is 
chiefly that of sheep-herders. In lower 
rural Wales the fair Nordic people pre- 
dominate. Here agriculture and not herding 
is the chief occupation. In these people, 
in this particular locality, tuberculosis is 
less marked, and that which is present is of 
the “modified” or chronic type, with a low 
death-rate. The most interesting fact of 
the study is that the incidence and type of 
tuberculosis among the same two groups of 
people, the Mediterranean and the Nordic, 
in the mining regions of Wales, is just the 
reverse of that found in rural Wales. In 
the mining or industrial districts it is the 
Mediterranean type of people who suffer less 
from tuberculosis, and that present is the 
“modified” or chronic type with a low 
death-rate, whereas the disease is quite 
prevalent among the Nordics and is of the 
acute type. Hence it seems that the 
Nordic type is more suited for rural than for 
urban life and industrial conditions, and 
that his resistance falls when he is trans- 
ported to an urban community, while, 
apparently, the dark Mediterranean type is 
better suited to urban and industrial condi- 
tions, under which his resistance to tubercu- 
losis increases. It seems that by the 
advance of regional survey of the adaptation 
of racial and social groups to their environ- 
ment—physical, human, and bacterial—in 
its evolutionary aspect, further progress in 
the study of the epidemiology of phthisis 
may be made.— The Incidence of Phthisis in 
Relation to Racial Types and Social Environ- 
ment in Wales, E.G. Bowen, Brit. J. Tuberc., 
July, 1929, xxiii, 132—(H. McL. R.) 


Tuberculosis Mortality in Lithuania. 
—tThe mortality figure for tuberculosis in 
Lithuania for 1925 is given as 28.7 per 
10,000 living individuals. While the total 
mortality decreased from 190 per 10,000 in 
1924 to 177.2 in 1925 the tuberculosis 
mortality increased slightly from 25.9 to 
28.7. Pulmonary tuberculosis is the most 
common cause of death. The mortality of 
children up to 5 years is almost double the 
highest figure for adults between the years 
of 25 and 30 and is 63 per 10,000. The 
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high childhood mortality is ascribed to the 
frequency of infection, which is not to be 
wondered at on account of the low cultural 
and economic standards of the inhabitants.— 
Zur Tuberkulosesterblichkeit in Litauen, L. 
Kogan, Zeitschr. f. Tuberk., 1928, lit, 214.— 


Clinical Course of Chronic Pulmonary 
Tuberculosis in Russians.—This paper is 
the result of clinical studies collected in the 
Archives of the Institute I for Tuberculosis 
at Moscow, directed by Lapshine. Work- 
men and peasants were chosen as being of 
purer stock and more representative than 
the intellectuals. Most of the patients were 
between 20 and 40 years of age, none below 
17. The material comprises only so called 
chronic pulmonary tuberculosis (Ranke’s 
third stage). The antituberculosis organiza- 
tion in Russia is briefly detailed. For six 
years there has been such a body, in close 
contact with medical organizations and 
with the people, Soviet medicine having a 
social character. At the centre of the 
organization are the relief nurses, working 
under medical direction and in codperation 
with workmen’s bodies. There are dis- 
pensaries, 14 at Moscow and others in the 
larger towns and beginning to penetrate the 
rural districts. Auxiliary to the dis- 
pensaries are emergency sanatoria, of which 
there are 34 at Moscow. Over about five 
years 400,000 persons have consulted the 
dispensaries and 28,000 have been served 
by the auxiliary establishments. To direct 
these there are in the large cities tuberculosis 
institutes or special hospitals accommodating 
an average of 400 patients. The patients 
are admitted through the dispensaries. 
There are two such in Moscow and 10 
scattered throughout other cities. Turban’s 
classification is used for recording the extent 
of the disease, the letters A, B and C, pro- 
posed by an American Association, being 
added to designate the degree of compensa- 
tion, subcompensation, or decompensation. 
Such a notion, however, had been proposed 
before the War, perhaps independently, by 
Sternberg. Group A is characterized by (1) 
normal temperature, even at work, (2) 
absence of signs of intoxication, (3) stable 
weight, and (4) functional integrity. Group 
B is characterized by (1) subfebrile tempera- 
ture, maximum 38°C., (2) phenomena of 
moderate intoxication, (3) unstable weight, 
and (4) limited capacity for work. Group C 
is characterized by (1) constant elevation 
of temperature to 38°C. or more, (2) pro- 
nounced intoxication, (3) constantly dimin- 
ishing weight, (4) impossibility of working, 
and 65) weakness necessitating confinement 
to bed. Of late years, Russia has borrowed 


from the Germans three clinicopathological 
terms,—fibrous, productive and exudative. 
These may be added to or supplemented by 
productive-fibrous and productive-exudative. 
In reality they all merge to some extent. 
The various modes of onset are described. 
It is remarked that in the fibrous form the 
temperature may remain normal after initial 
haemoptyses or very slowly become sub- 
febrile. Chills and sweats are characteristic 
of the more severe productive and exudative 
forms. Along with them may go increasing 
dyspnoea and cardiac palpitation. Vertigo 
and cephalalgia may be early symptoms, 
also insomnia and loss of appetite. Pains of 
various character may be complained of. 
Severe coughing may induce vomiting. 
Nausea and abdominal pains may occur in 
either benign or grave forms, in the latter 
being usually associated with intestinal 
lesions. Moist rales in the chest are 
generally more prominent in the exudative 
form, changes in breath-sounds in the 
fibrous. In about half the fibrous cases the 
hilum shadow is exaggerated, with rem- 
nants of swollen and caseous lymph nodes, 
also in about 25 per cent of the productive, 
but almost never in the exudative. Cavities 
occur in 11 per cent of the fibrous forms, 70 
per cent of the productive, and always in 
the exudative. Cardiac dilatation and low 
arterial pressure are demonstrable fre- 
quently. Tubercle bacilli in the sputum are 
rarely found in the fibrous forms, or occur 
only at intervals. The graver forms are 
accompanied by leucocytosis. The tuber- 
culin cutireaction is practised in three dilu- 
tions, 25 per cent, 5 per cent, and 1 per cent. 
With the weakest dilution it is positive in 
only 18 per cent of the fibrous form, and 
never in fatal cases. It is very rarely 
negative in all three dilutions in benign 
forms. It isan unstable reaction, constantly 
changing and may become feeble during 
periods of acute intoxication. In fatal 
cases there is also accelerated red blood cell 
sedimentation and a positive Moritz-Weiss 
reaction. Fever is highest in the exudative 
form and may exhibit inverse phenomena, 
with morning elevations. The duration of 
disease prior to treatment is longest in the 
benign forms, shortest in the exudative. 
There is an active evolutive form without 
ulceration, comparable to Bertier’s “diffuse 
discrete form” or Bard-Neumann’s diffuse 
fibrous form. There are also localized and 
extensive ulcerofibrous forms. Fluoroscopy 
in the former cases shows fibrous arbores- 
cences, mottling of a productive character, 
together with, in the ulcerofibrous, cavities. 
A characteristic of this form clinically is 
rapid reéstablishment. Complications are 
rare, although tuberculous throat lesions 
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occur in 10 per cent. In Russia the term 
productive-fibrous includes many of these 
“ulcerofibrous” and “diffuse discrete” forms. 
Bacilli are often present in the sputum but 
the tuberculin reaction is less often positive 
in all three dilutions. Periods of quiescence 
may last several years. The productive 
form is apt to be progressive in its course, 
but certain favorable subforms develop 
fibrosis. This form is analogous to Bard- 
Neumann’s “fibrocaseous” form. Unfavor- 
able cases develop chills, sweats, wasting, 
and persistent evening fever. Cardiac 
changes appear quite early in young patients: 
Dilatation, muffled tones, sometimes mur- 
murs, tachycardia or arhythmia. Arterial 
pressure is often low. Fatal cases become 
prostrated, cyanotic, with dyspnoea, weak 
pulse, and oedema of the feet. Laryngeal 
and intestinal complications occur fre- 
quently, in 75 per cent of fatal cases; less 
often, nephrosis, renal tuberculosis, menin- 
gitis and generalization. Amyloid liver 
and spleen may occur. In general, 40 per 
cent of patients die of the productive form. 
Summing up, its characteristics are multi- 
plicity of symptoms, and activity of the 
lesions, with a long time necessary for 
amelioration. The temperature curve is 
characteristic. The productive-exudative 


form is in 12 per cent of cases preceded by 


pleurisy. The total duration is usually two 
to four years. Its most characteristic symp- 
toms are wasting, weakness and cachexia. 
The cutireaction is variable. Enlargement 
of liver and spleen is common, due either to 
tubercles or amylosis. Intestinal and laryn- 
geal complications are frequent. Patients 
die of asthenia, with cyanosis, dyspnoea and 
sometimes lethargy. The pure exudative 
form is rare, but some 15 patients are in- 
cluded. Ninety per cent die within a year 
and all are CIII cases. Toxaemia is pro- 
found. For instance, sweats occur in 80 per 
cent, and chills in 70 per cent, as compared 
with 28 per cent and 25 per cent for the 
fibrous forms. In over half the cases the 
cutireaction is entirely negative. The tem- 
perature curve is high and occasionally 
inverse. Adhesive pleurisy is always found 
at necropsy, corresponding with the frequent 
complaint of pain in the side, chest and back. 
Haemoptyses, temperature and immunity 
are discussed at length, and illustrations of 
transformation of type of disease given. In 
general, the fibrous form, with little or no 
temperature as a rule, is the earliest in the 
usual chronic case. Then, if progression 
occurs and the productive type ensues, we 
have persistent fever. The juvenile type, 
described by Hollo, is referred to, of which 
the symptoms and manifestations are multi- 
form. Subfebrile temperature, not over 


37.6°C., is the rule. Hollo affirms that he 
has never seen a transition into phthisis but 
adds that a part of senile phthisis may result 
from thisform. ‘Twenty years ago, however, 
Stiirtz wrote that “juvenile tuberculosis is 
an immediate introduction to phthisis.” 
The German school have objected to this on 
the ground that chronic apical tuberculosis, 
the tertiary phase, really represents an 
exogenous reinfection. It is quite possible 
that the fibrous forms represent either 
exogenous or endogenous reinfection, not too 
massive. Endogenous reinfection more 
often takes the form, as seen after haemop- 
tyses, of small acinous lesions (productive) 
which may progress to the exudative stage. 
Histories are cited illustrating such transi- 
tion. Westenrijk believes the capacity to 
form fibrous tissue fails in the later stages 
but is very active in the initial period and 
the middle period in favorable forms of 
chronic tuberculosis. Turban’s classification 
should be restricted to a description of the 
extent of the lesions since fibrous tissue may 
be extensive yet compatible with a good 
prognosis. The course of evolution of the 
disease has been observed by Dumarest in 
sisters in one family, as follows: hilar 
adenopathy, —> diffuse sclerosis, —> fibro- 
nodular active tuberculosis, —> fibrocaseous 
ulcerative tuberculosis—La symptoma- 
tologie et la cours de la tuberculose chronique. 
des poumons chez le peuple Russe, N. 
Westenrijk, Rev. d. l. Tuberc., December, 
1928, ix, 843.—(A. P.) 


Epidemiological Viewpoints in Cam- 
paign against Tuberculosis.—In addition 
to the care which the individual must 
receive, it is necessary to institute pro- 
phylactic and therapeutic measures directed 
against tuberculosis as an epidemic. The 
social and environmental factors have been 
stressed so much by some authors as to 
obscure the réle of the tubercle bacillus. 
Even most unsatisfactory living conditions 
do not cause an increase in the incidence of 
tuberculosis unless a source of bacillary 
infection is present. In a small German 
community, with miserable living conditions, 
only 25 per cent of the school children had a 
positive tuberculin test, while in a similar 
community 98 per cent were found to react 
to tuberculin; in this latter village the 

school teacher was found to have open pul- 
monary tuberculosis. The dwelling condi- 
tion is an important factor, but crowding is 
certainly not the only cause of a high tuber- 
culosis mortality rate. In many instances, 
crowding may be the result (and not the 
cause) of tuberculosis afflicting the support- 
ing member of the family. But, if a case of 
open tuberculosis is present under crowded 


+ 
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conditions, the danger of effective spread is 
much greater than in spacious quarters. 
Therefore, any measures which improve 
housing conditions must be considered as 
important weapons in the fight against tuber- 
culosis, especially since crowding does not 
only multiply the danger of spread, but it 
increases the susceptibility of the individual 
by lowering his general physical health. 
The occupation is another factor to be con- 
sidered epidemiologically. The greater rav- 
ages among dusty trades is wellknown. The 
tuberculosis mortality rate is greater among 
unskilled laborers than among qualified 
workers, possibly because the former cannot, 
as a rule, find work properly adapted to 
them, after the age of 40. The lower inci- 
dence of tuberculosis among the higher social 
classes is probably chiefly due to better 
nourishment. At the time of the war, when 
all classes in Germany were forced to reduce 
their food, the increase of tuberculosis was 
general. The rapid decline in the tubercu- 
losis mortality rate in England since the 
middle of the last century may largely be due 
to the institution of free trade causing a 
marked drop in the food prices. Gottstein 


has shown that starvation periods, during 
the last century in Finland, had marked 
effect twenty years later on those individuals 
who had been in infancy during starvation. 


Child-welfare ‘measures, therefore, are most 
important. Another significant item is 
teaching of the masses. A rational applica- 
tion of individual care will reduce the cost of 
general measures. A successful fight must 
combine properly individual and general 
care.—Massen- und Einzelfiirsorge in der 
Tuberkulose-Bekémpfung, Ickert, Klin. 
Wehnschr.. June 25, 1929, xii, 1226.— 
(M. P.) 


Tuberculosis Campaign in England.— 
It has been claimed that “Sanatorium 
Treatment” and the “Dispensary System” 
of dealing with tuberculosis have failed and 
that the campaign against this disease has 
broken down badly; our diagnosis is too 
late; our notification and thus our preven- 
tion is quite inadequate; our treatment is of 
small avail. We are neither preventing nor 
curing, yet vast sums are being spent yearly 
on our efforts. Admitting that these indict- 
ments may be partially true the writer offers 
some suggestions leading toward a practical 
constructive policy. The argument is based 
on the hypothesis that the arrested progress 
is largely due to our failure to avail ourselves 
of existing knowledge and of the methods 
that time has shown to be most efficacious. 
In the belief that tuberculosis is generally 
contracted in early childhood the author 
advocates more effective dépistage, that is, 


removal of the child from the source of 
infection at the earliest possibleage. Healso 
advocates the raising of the child’s resistance 
and the diminishing and dilution of the 
infecting dose. Methods of dépistage (pre- 
ventoria) are discussed, also tuberculosis 
village settlements, and especially the 
Hastings Intensive Experiment. The prob- 
lem also has its economic aspect, and 
codperation between and further develop- 
ment of the existing social agencies dealing 
with tuberculosis are strongly urged.— 
Comments on the Slow Progress of the Tuber- 
culosis Campaign, W. B. Tomson, Brit. J. 
Tuberc., April, 1929, xxiit, 5—(J. S. W.) 


Antituberculosis Organization in 
Rural Districts of Great Britain.—The 
rural districts present particular problems. 
The dispensary is a unit to be established in 
as many locations as feasible. Its essential 
element is an intelligent, devoted and con- 
scientious personnel. Also, public opin- 
ion must be prepared. In all schools pupils 
should be taught the fundamentals of 
hygiene, devoting considerable time to such 
diseases us tuberculosis. It is several years 
too late to begin teaching after a family is 
attacked by tuberculosis. In 1926 the 
National British Association against Tuber- 
culosis appealed to the public for funds for 
an educational campaign. It designated 
four health commissioners as directors and 
organizers, and to-day possesses three mobile 
units which constantly tour England and 
Scotland. With each unit is a tuberculosis 
specialist, a cinematographic apparatus and 
a projection lantern. Films, slides and 
photographs explain the national program 
and many pamphlets are distributed. 
There is close collaboration with public 
health officials. The public needs to be 
informed about (1) the extent of tuberculo- 
sis and of invalidism due to it, (2) methods 
of prevention and control, (3) early treat- 
ment and premonitory symptoms, (4) plan 
of the national antituberculosis campaign, 
and institutions which exist for treatment, 
and (5) methods of individual prophylaxis in 
cases of known disease. The safeguarding 
of dairy products by action of the public- 
health authorities should be insisted on. 
Impure air, insufficient nutrition, unsanitary 
lodgings, too arduous labor, irregular habits, 
unhealthy recreation, and excesses of all 
kinds should be combated by every lawful 
means. Obligatory Declaration: This is one 
of the essentials in the campaign, and has 
been in force in Great Britain since 1912. 
Information must be exact and include 
(1) change of address, (2) weekly publica- 
tion of figures, (3) deaths reported from 
other causes, (4) cured cases stricken from 


84 THE AMERICAN REVIEW OF TUBERCULOSIS 


the registry, and (5) transfers to or from 
other districts. The health inspector must 
seek for sources of infection or other cases 
among contacts, and in this the collabora- 
tion of private physicians is highly desirable 
and attempts should be made to check up 
the exactness of the reports. Dispensaries: 
Sir R. W. Philip, in 1887, defined the func- 
tions of an antituberculosis dispensary 
admirably. In each British administrative 
district the dispensary is part of the Public 
Health Service and the Health Inspector is 
its administrative head. The Tuberculosis 
Inspector is independent only from the 
clinical viewpoint. In certain cases there 
are subdispensaries. It should always be in 
an accessible location, with secondary posts 
where needed. Patients may, in certain 
instances, be examined at home as well as 
in the dispensary. Gloucestershire, which 
covers 785,000 acres and has a population, 
largely rural, of 333,700, has six dispensaries. 
There are at present some discrepancies in 
the distribution of dispensaries, which are 
cited. The dispensary should be, first, a 
diagnostic centre, and it can best be this if 
its personnel are on the alert to discover 
new cases among those in contact with 
already declared cases. It must have a 


competent medical inspector, well grounded 
in general medicine and really a specialist in 


tuberculosis. Such a qualified man should 
win the confidence of the profession and 
public. In addition, certain personal quali- 
ties are important. In certain small rural 
localities it is the custom to appoint a 
physician to several diverse posts, such as 
medical inspector of tuberculosis, health 
officer, school physician, maternity and child- 
hood physician, etc. This multiplication of 
functions is not to be encouraged, and the 
physician who fills all these positions cannot 
be regarded as really a specialist. Again, 
numerous medical inspectors of tuberculosis 
consider the post merely a step on the way 
toward the higher rank of Health Officer. 
They should be offered enough to encourage 
them to remain in tuberculosis work. The 
second essential condition for codperation is 
modernization of dispensary equipment. It 
should possess an X-ray outfit, a laboratory 
and several beds for patients under observa- 
tion. If the tuberculosis inspector is com- 
petent and his dispensary well equipped, the 
physicians will come to lend him their 
support and the dispensary can become a 
model diagnostic centre. An active dis- 
pensary has a varied clientele. Some of the 
visitors are suspects; others present all the 
clinical types of the disease at different 
stages, and must be sorted out and distrib- 
uted. Cases sent for diagnosis may be 
examined, either (1) in the dispensary, 


(2) in the referring physician’s office, (3) at 
the patient’s home, or (4) in a special hospital 
where they are kept under observation. Beds 
for observation at special hospitals are very 
essential (1) for doubtful cases, (2) for acute 
cases, (3) for those cases in which a decision 
must be made as to the best form of treat- 
ment. The medical inspectors may find 
themselves called into consultation by local 
physicians. Also, they must visit at least 
once the home of every case sent to the dis- 
pensary, in order to appreciate family and 
home conditions. The patients must be 
followed up, otherwise they become lost 
sight of. For this task the visiting nurses 
are indispensable. In Great Britain they 
are attached to the dispensaries and under 
control of the medical inspectors. They 
should (1) verify domiciliary and economic 
circumstances, (2) give verbal and written 
instructions regarding prophylaxis, and (3) 
take measures to have contacts examined. 
Following their visits reports are made to 
the medical inspector. These nurses give 
no actual care but this can be obtained by 
application to the health authorities through 
regional nursing associations. A competent, 
amiable and devoted nurse exercises an 
enormous influence. The dispensary also 
assists the family of the patient. These 
families are classified as (1) those who will 
probably not need financial assistance, 
(2) those who will need it sometime, and (3) 
those who need it at once. The question of 
employment of discharged sanatorium pa- 
tients is also a problem in which the dis- 
pensary enters. Family Placement and 
Domiciliary Treatment: Since 1925 London 
has had a system in operation inspired in 
part by the Oeuvre Grancher, with a view to 
separating living children from gravely 
contaminated foci in families where there 
exists advanced tuberculosis. Most of these 
children come from poor families and are 
ill-clad and cared for. They are placed with 
their parents’ consent in the country under 
good hygienic conditions. Great attention 
is paid to domiciliary treatment, not as a 
substitute for, but a supplement to, sana- 
torium treatment. It comes under the 
National Insurance System in Great Britain. 
Much attention is given to the family—their 
living conditions, exposure to contamination, 
etc. The patient should be the sole occupant 
of his room and bed. If indigent, food is 
furnished. The visiting nurse furnishes 
sputum containers, napkins, etc. Patients 
able to work report at intervals to the dis- 
pensary; otherwise they are visited by a 
practising physician in their homes. The 
physician who undertakes to treat the tuber- 
culous at home ought to devote a sufficient 
amount of time to the disease, the patient, 
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his treatment and supervision. The pa- 
tient’s psychology must be explored and 
studied in a personal sense, in order to appre- 
ciate his doubts, fears, hopes, morale, 
courage, or caprices. Intense sympathy and 
interest do not preclude firmness. The 
more interest the physician takes in the pa- 
tient, the more the latter takes in his treat- 
ment. On the personnel taking part in the 
struggle depends its success or failure. 
Everywhere one encounters patients who 
adopt a passive attitude on leaving the sana- 
torium because their physicians at home lack 
interest. Naturally their first thoughts 
would be how to modify the circumstances of 
home life in order to put into practice advice 
received at the sanatorium. Sometimes the 
habits of a whole family must be overturned. 
These things ought to be discussed with 
them before the date of the patient’s dis- 
charge. A house hygienically managed in 
the country offers advantages over a city 
dwelling which compensate for the incon- 
venient distances. Open Air Schools, Pre- 
ventoria, etc.: Active cases are unsuitable for 
admission to these institutions. The chil- 
dren are kept under careful surveillance, 
weighed regularly, temperature taken twice 
daily, and regular rest and nourishment 
prescribed. It is attempted to teach the 
children the sort of work for which they 
are adapted. .Fresh-air schools are largely 
in the hands of the local educational author- 
ities, both urban and rural. Recent Tuber- 
culosis Legislation: The Health Laws of 
1923 give either the local authorities or the 
County Council the right to summarily 
transfer to a hospital anyone afflicted with 
contagious tuberculosis. Such an order need 
not be used for three months and is renew- 
able. Persons suffering from tuberculosis of 
the respiratory system may not handle 
milk. The rights of appeal and of indem- 
nity are reserved.—Organisation de la pro- 
phylaxie antituberculeuse dans les districts 
ruraux, W. Brand (London), Rev. Belge d. 1. 
T: rw 1928, xix, 205. 


1927 Report of Belgian Antitubercu- 
losis League.—The League submitted 
painfully to forced economies ordered by the 
authorities. Official subsidies to the dis- 
pensaries and the Oeuvres de Préservation de 
PEnfance fell so low that the League Bureau 
asked the Provincial sections to maintain 
their several dispensaries. The Department 
of Health made certain criticisms of the 
organization and its methods. This resulted 
in an exchange of views with the Directors 
of the League. Especially was it alleged 
that the dispensaries spent too much on ali- 
mentary relief, playing the part of a charity. 


However, in April, 1927, the Secretariat of 
the League was able to announce: J: The 
League was authorized to install roentgeno- 
graphic and bacteriological equipment in one 
important dispensary. 2: The Directing 
Committee would take over the responsibil- 
ity for distributing subsidies, the Depart- 
ment of Health reserving the right of con- 
trol and veto. 3: That subsidies would be 
continued for the sanatoria of Borgoumont, 
Magnée, Alsemberg, and Mont-sur-Meuse, 
to the extent of 2 fr. 50 per patient per day. 
4: That the Government approved of 
reasonable relief for the needy and deserving 
tuberculous and in such instances would 
contribute more than the usual prophylactic 
and sanitary necessities. 5: That regarding 
the latter the Government would defray 
70 per cent of the expense, the rest being 
charged to the dispensaries. 6: That all 
dispensaries would regularly be visited by 
State Medical Inspectors. To remedy the 
lack of cohesion in antituberculosis efforts the 
League decided to create a special com- 
mittee to codrdinate various existing organi- 
zations. J. Bordet was prevailed on to 
accept the Presidency of this new Comité 
National Belge de Défense contre la Tubercu- 
lose. The League also became afiliated in a 
practical way with the Army Health 
Service. The Director intervened with the 
Department of National Defense to obtain 
the maintenance of the military sanatorium 
of Marchin and aided in reorganizing rural 
dispensary service. It has distributed spe- 
cial pocket containers for sputum specimens 
and acquired a film for educational purposes. 
It regrets the closing of the dispensaries of 
Moll, Maeseyck, Tongres and Saint Troud, 
due to lack of money and local difficulties, 
but notes with satisfaction the reorganiza- 
tion and modernization of those of Hasselt, 
Malines and Turnhout. The burning of the 
Palais d’Egmont destroyed many valuable 
books and documents, many of which will 
be replaced by the kindness of foreign 
leagues. Guinard, André, DeWinter and 
Dascotte have made valuable scientific con- 
tributions. The total number of clinical 
examinations made by physicians under the 
auspices of the League was 132,641; they 
examined 94,546 persons, of whom 17,094 
were new; among these were 8,733 tubercu- 
lous. The number of tuberculous persons 
under dispensary observation was 38,749, of 
whom 13,006 had open contagious pul- 
monary tuberculosis. There were 10,538 
consultations, 10,420 roentgenographic ex- 
aminations and 12,303 sputum examinations 
for tubercle bacilli. The Oeuvres de l’En- 
fance benefited 4,473 children. Nurses and 
investigators made 76,137 visits, keeping 
under observation 14,169 tuberculous, of 
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whom 2,277 refused hospitalization. The 
League distributed 3,750 sputum cups and 
disinfected the premises in 1,862 cases. 
The affiliated sanatoria, representing 872 
beds, have cared for 2,647 patients with 
43 per cent cured or improved.— Ligue 
Nationale Belge contre la Tuberculose, 
Comité Directeur—Rapport général 1927, 
H. Renauld-Capart, Rev. Belge d. 1. Tuberc., 
November-—December, 1928, xix, 245.—(A.P.) 


General Hospitals in Antituberculosis 
Campaign.—The general hospital has a 
definite place in the campaign against tuber- 
culosis. At present those which have a 
tuberculosis division maintain it cursorily: 
nurses avoid service in it when possible and 
almost invariably the responsibility of 
diagnostic and therapeutic management is 
placed upon young inexperienced physicians. 
To be successful, the tuberculosis division 
should be maintained as a separate unit. 
The phthisical should be kept away from 
the family indefinitely (which is usually 
impossible) or for a sufficient time to educate 
them in protecting the family from their 
excreta. There is much more tuberculosis 
in old people than is generally believed, and 
these should receive more attention in 
hospitals. The far-advanced, hopeless cases 
should be kept in a division apart from 
others. This division should also receive 
cases of acute tuberculosis,—miliary and 
meningitic types. Patients requiring sur- 
gical attention need special rooms and 
equipment as do those to be placed under 
active medicinal or tuberculin treatment. 
Those who will probably improve in sana- 
toria should be sent to such institutions, 
most of which do not care for patients with a 
definitely unfavorable prognosis. In one 
such hospital with 100 beds, there have 
lately been 120 cases of pneumothorax, 
phrenicotomy or thoracoplasty sent away 
either cured or immeasurably improved. 
Many of these patients were “sifted out” 
from the cases at the local or district tuber- 
culosis station. Such a division can also do 
much in the way of diagnosis and treatment 
of cases of early pulmonary tuberculosis, 
can observe those in whom there is probably 
an early tuberculosis, and can study or clear 
up the diagnosis of the relatively large 
number of people with “catarrh,” etc., who 
are dependent upon charity. It can take 
care of exposed children, test out new cases, 
apply new diagnostic, therapeutic and social 
measures, and educate the patient and the 
people in personal hygiene and the nature 
and modes of spread of pulmonary tuber- 
culosis.—Der Aufgabenkreis der Kranken- 
hduser bes der Bekimpfung der Lungen- 


tuberkulose, A. Sonnenfeld, Deutsche med. 
Wehnschr., December 21, 1928, liv, 2155.— 
(H. S. W.) 


Industrial Tuberculosis.—In general, 
tuberculosis or its activation should be re- 
garded as the result of an industrial accident 
when: J: Pulmonary tuberculosis develops 
within a reasonable length of time in a pre- 
viously healthy individual, following trauma 
to the chest, sufficient to cause functional 
impairment. In cases of this type tuber- 
culosis should develop in the side injured, 
unless the factors operative are those given 
under 3 or 4. Fractured ribs or clavicle or 
severe contusions should be considered prima 
facie evidence of such an injury. 2: As a 
result of trauma to the chest tuberculosis is 
reactivated. In this case the liability of the 
carrier should cease with the arrest of the 
process. 3: As result of trauma, impair- 
ment of the general health occurs, as mani- 
fested chiefly by loss in weight; tuberculosis 
develops or is reactivated before such impair- 
ment has ceased. 4: As a result of indus- 
trial disease, or diseases related to injuries 
(pneumonia, pneumonokoniosis and the like), 
tuberculosis develops or is reactivated pre- 
ceding recovery from such a disease or its 
effects. 5: In a previously healthy bone or 
joint or other organ, tuberculosis develops at 
the site of the injury before functional and 
anatomical restoration of the site has taken 
place, or within a reasonable time after the 
maximum recovery from such an injury. 
6: Haemoptysis occurs from a lesion which 
has the appearance of an old lesion and when 
the history and other evidence indicate that 
no functional impairment existed previous 
to the haemoptysis, provided it follows 
trauma. Haemoptysis occurring during the 
usual occupational routine should not be con- 
sidered industrial. 7: Spontaneous pneu- 
mothorax, presumed to be of tuberculous 
origin, follows directly on unusual exertion 
or injury.—Indusirial Tuberculosis, S. J. 
Shipman, J. Am. M_ Ass., July 27, 1929, 
xcnt, 257.—(G. L. L.) 


Cost of Medical Advice on Tuberculosis 
in Industrial Groups.—A study has been 
made of a group of tuberculous patients who 
were well paid employees of a railroad com- 
pany, who could have medical attention for 
the asking and hospitalization at almost 
negligible cost, and in whom diagnosis and 
treatment need never be delayed because of 
cost. In face of this, 38 of the 44 patients 
of this group received into sanatoria in four 
years had far-advanced tuberculosis. They 
remained in the institution an average of 10.3 
months. Of 33 of these far-advanced cases, 
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9 died in sanatorium, 10 were discharged as 
unimproved, 12 as improved and 8 as appar- 
ently arrested. Three years later, of 30 
far-advanced cases, 11 were able to work 
(7 for the company formerly employing 
them) and 6 were alive but unable to work; 
40 per cent were dead and 33 per cent were 
able to work. It cost $32,300 to treat them 
or $4,644 for each trained employee who 
returned to his work. Care of the moder- 
ately advanced cases cost $1,050 each, 66 
per cent of whom have returned to employ- 
ment, and $450 each for two early cases. 
Search for the reasons for the late (and 
costly) diagnosis revealed the fact that a few 
employees had concealed their tuberculosis 
and had come southwest for climatic cure, 
others had been slow to recognize symptoms, 
and a few had had no symptoms prior to a 
sudden onset, and some had been ex- 
sanatorium patients and should have had 
periodic examinations. The human tend- 
ency to overlook the obvious and to search 
for something new has appeared to delay 
diagnosis considerably. An advertising cam- 
paign among employees, especially foremen, 
superintendents, etc., which should empha- 
size the early symptoms of the disease is 
advocated. The company surgeons should 
have much more frequent recourse to such 
accessory aids as sputum examination, 
X-ray, etc. Routine examination of work- 
ers at the beginning of employment is 
important and should be carried out. ‘Free 
medical service, without special attention to 
the prevention and detection of tuberculosis 
did not control consumption in this industrial 
group.”—The Cost of Free Advice. Tuber- 
culosis in an Industrial Group, E. W. Phillips, 
J. Indusir. Hyg., April, 1929, xi, 107.— 
(H. S. W.) 


Antituberculosis Propaganda in In- 
dustry.—We have been slow in recognizing 
the significance of tuberculosis as it relates 
to industry and the industrial worker. There 
are 40,000,000 industrial employees in this 
country who might be reached by proper 
educational and propaganda methods, such 
as noonday talks, distribution of leaflets, 
etc. These should also be periodically ex- 
amined. The Hudson County (N. Y.) 
Tuberculosis League with its well-organized 
follow-up system codperates with the county 
tuberculosis clinics. It is encouraging the 
adoption of uniform methods of propaganda 
and examination in industry. It assists in 
seeking out tuberculosis, diagnosing it, send- 
ing the patient away for treatment and 
following him when he returns; it sees to his 
post-sanatorium employment. It ties in 
closely with sanatoria and their work. 
Such means, and only such, can keep the 


incidence of tuberculosis low in industry.— 
The Tuberculosis League, the Sanatorium 
and Industry, B. S. Coleman, J. Indust. 
Hyg., September, 1929, xi, 217.—(H. S. W.) 


Portals of Entry of Tubercle Bacilli.— 
At present, as much as in 1890, the question 
as to where the tubercle bacillus enters the 
system continues paramount. Are tubercle 
bacilli ingested, or are they inhaled with dry 
dust or from droplets resulting from cough- 
ing? It is believed that the aerogenic path 
of transmission of tuberculosis is the most 
common. Lange was seldom successful in 
producing tuberculosis by feeding animals 
bacilli, but when only a few bacilli reached 
the lungs the disease tuberculosis invariably 
resulted. It is held that tubercle bacilli 
inhaled with dry dust naturally come in 
contact with the mucous membrane, par- 
ticularly in the region of the retropharynx. 
They penetrate the intact membrane, usually 
without producing disease of the mucosa, and 
from there it is thought they make their way 
to other parts of the body, particularly to 
the lungs and larynx, through the lymphatic 
and blood-streams. The activity or non- 
activity of the epithelium determines 
whether or not bacteria penetrate the mucous 
membrane. The prevalence of postnasal 
catarrh resulting largely from our present 
heating system is also emphasized, since 
such a condition of the membrane affords a 
more ready entrance for the bacilli. Ex- 
amination of a considerable number of 
patients at Bedford Hills Sanatorium showed 
either a dry condition of the membranes of 
the nose and pharynx or an actual atrophic 
state. It is stated that tubercle bacilli prob- 
ably gain entrance to the system through the 
tonsils much less frequently than through the 
retropharyngeal membrane. Other points 
on tuberculosis in general are discussed. 
Reference is made to the use of mountain 
and ocean climates for different types of 
pulmonary and laryngeal tuberculosis. Air- 
baths are thought particularly beneficial, 
perhaps more so than sun-baths. The latter 
are often detrimental, whereas it is not 
believed that air-baths everdo harm. Men- 
tion is also made of farm colonies and 
occupational therapy in certain stages of the 
rest treatment of the tuberculous.—Mucous 
Membranes as Portals of Entrance of the 
Tuberculous Virus, with Special Reference 
to the Retropharynx; also Points on Tuber- 
culosis in General, W. Freudenthal, Med. 
J. & Rec., June 5 and 19, 1929, cxxix, 601 
and 679.—( H. Mc. L. R.) 


Constitution and Tuberculosis.—Con- 
stitutional and hereditary factors as causes 
of tuberculosis were commonly believed in 


before the time of Koch, but now few hold 
such belief. We do know, however, that 
there are differences in the death-rate from 
people of differing bodily types. The pre- 
vailing bodily types which exist are as 
follows: (1) Muscular,—large with broad 
shoulders, muscular hands, high dia- 
phragm,—physically strong people; (2) fat, 
thick people—short, with short neck, wide 
girth, round back, small hands; and (3) 
frail type—narrow, often long chest, small 
shoulders and head, often long fingers and 
legs, and bad carriage,—these are often 
asthenic. Not all people fall into clear types 
and there are numerous mixed types. The 
population of one region of Germany has 
been studied carefully from this standpoint. 
Two large groups of people were studied as 
follows: 2,229, of whom 237 had tuber- 
culosis, active or inactive; and another group 
of 2,624 with 265 cases of tuberculosis. With 
respect to tuberculosis, no bodily type is 
exempt, but definite differences can be 
shown between different types. For in- 
stance, the muscular type gets sick less than 
the general population. The fat type in 


childhood has more exposure to tuberculo- - 


sis than the average but seldom to serious 
cases. In adults this type has a low mor- 
tality. The frail type has much more tuber- 
culosis in childhood and adult life. These 
people make up 15 per cent of the general 
population but among tuberculous people 
they are present in from 48 to 64 per cent. 
The frail type mixed with the muscular has 
four-fifths of the total of tuberculosis. The 
muscular-fat and the fat-muscular have de- 
cidedly the least tuberculosis. Has the weak 
type grown so as the result of long illness? 
Many say so, but this is not the whole 
truth. It is granted that tuberculosis may 
influence the development of bodily form, but 
in adult age when type of body is established, 
no such influence is possible, for bones are 
developed. For instance, broad shoulders 
remain broad even in great emaciation. 
Frail types have a certain resistance, are 
strong and tough in general, and resist 
many diseases well, but are weak as respects 
tuberculosis. (It has been contended that 
weakness of scar-tissue and lack of comple- 
ment are responsible.) It is likely that inter- 
relation between the vegetative nervous sys- 
tem and internal secretions have something 
to do with determining the issue — Tuberku- 
lose und Konstitution, F. Ickert, November 
8, 1929, Deutsche med. Wchnschr., lv, 1874.— 
(H. S. W.) 


Heterologous Tuberculous  Infec- 
tion.—In the matter of the transmissibility 
of tuberculosis among animals, the human 
type plays a very minor réle since most 
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types of animal and fowl resist the strain. 
The bovine type is an important factor in the 
tuberculosis (especially extrapulmonary) of 
children but it is negligible in adults. It is 
difficult to determine the damage done to 
human beings by the bovine tubercle bacillus. 
It causes a certain number of deaths and a 
very much larger number of cripples and 
nonfatal cases. It is‘ negligible in tuber- 
culosis of fowl. The avian type affects swine 
and cattle with disease of comparatively non- 
progressive character. Some of the reports 
of avian infection in man are open to criti- 
cism. Whether this germ really is con- 
cerned in Hodgkin’s disease is an open 
question. Heterologous sensitization occurs 
but reactions are less constant and uniform 
than where homologous tuberculin is used.— 
On Heterologous Tuberculous Infection, L. 
Van Es, J. Am. Vet. Med. Assn., March, 
1929, lxxiv (n. s. xxvit), 505—(H. S. W.) 


Trauma of Chest and Tuberculosis.— 
Gassing bears a relatively unimportant rela- 
tion to the after incidence of phthisis. The 
development of pulmonary tuberculosis from 
all types of gunshot injuries of the chest is 
0.5 per cent. Surface injuries not involving 
the thoracic cage and contents appear to be 
of relatively small importance in connection 
with the after occurrence of pulmonary tu- 
berculosis. When the pulmonary tissue has 
been definitely injured, and especially when 
a foreign body is retained in or near the 
damaged area, reactivation of tubercle may 
occur in the organ affected, even after an 
indefinite period. This possible develop- 
ment, therefore, requires consideration when 
prognosis is under review.—After Results of 
Gassing and Gunshot Wounds of the Chest 
in Relation to Tuberculosis, G. B. Price, 
Tubercle, December, 1929, xi, 97.—(W. I. W.) 


Transmission of Tuberculosis by 
Dust.—The air of the sick room of people 
with tuberculosis was washed through water 
and the latter injected into guinea pigs, each 
animal receiving the bacteria present in 3.38 
cubic feet of air. Of fifty guinea pigs so 
injected, one animal developed tuberculosis, 
with recovery of the tubercle bacillus in 
pure culture. Six died of pyogenic infec- 
tion. Air from an animal room containing 
many tuberculous guinea pigs yielded en- 
tirely negative results. Fifty-four normal 

inea pigs were placed in different cages 
ps carrying tuberculous animals, how- 
ever) scattered about over the room and six 
of these developed tuberculosis. This indi- 
cates that spontaneous tuberculosis in guinea 
pigs is a more delicate test than examining 
the air for bacilli. Dust from wall, floor, 
rugs, furniture of the sick room in twenty- 
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four instances was injected into guinea pigs, 
25 per cent of which developed tuberculosis. 
Dust removed by careful and meticulous 
suction from clothing of people with open 
tuberculosis in twenty-six instances produced 
tuberculosis six times. Washings from the 
hands of children one to fourteen years old in 
whose family there was a case of open tuber- 
culosis failed in twenty-six children from 
fifteen families to produce tuberculosis when 
injected into guinea pigs. The cleanliness 
of person and surroundings has a great deal 
to do with the incidence of positive results. 
This factor is difficult to separate from that 
of race, for negroes had a much higher in- 
cidence of “positives” than whites. In 26 
families in which the ill member had a small 
number of bacilli in the sputum (Gaffky I to 
IV) there were 19.2 per cent positive results 
from all methods employed, while in 22 
families in which the ill member had large 
numbers of bacilli in the sputum (Gaffky 
V to IX) there were 31.8 per cent positive 
results—a ratio of 1 to 1.7. Whether there 
is a relationship between clinical tuber- 
culosis in the family and infected dust has 
not been revealed as yet.—The Transfer of 
Tuberculosis by Dust and other A gents, A. E. 
Augustine, J. Prev. Med., March, 1929, iii, 
121.—(H. S. W.) 


Infection of Milk Supplies.—A survey 
was made of the raw milk supply of three 
Scottish cities. There is a marked difference 
between the percentage of infected samples 
in each of the three cities. This difference 
is caused by the various tests, and the tech- 
nique used at each centre—The Incidence 
of Tuberculous Infection in the Milk Supplies 
of Scottish Cities, N. C. Wright, Brit. M. J., 
September 7, 1929, no. 3583, 452.—(W. I. W.) 


Tuberculous Households.—The his- 
tories of 1,486 children under five years of 
age living in 1,063 homes, in each of which 
there were one or more adults suffering from 
tuberculosis, were analyzed. Of the children 
dealt with in this research, the majority 
remained, throughout their period of obser- 
vation, in constant contact with an adult 
tuberculosis patient in their homes. The 
death-rate from nonpulmonary tuberculosis 
of children exposed to risk of infection from 
an adult with positive sputum was greatly in 
excess of the rate from the same cause in the 
county of Lancashire, which served as the 
control. This great excess of nonpulmonary 
tuberculosis is mainly due to deaths from 
tuberculous meningitis, which accounted for 
two-thirds of the mortality in the non- 
pulmonary group. The deaths from pul- 
monary tuberculosis of children exposed to 
risk in tuberculous households were too small 


to allow any conclusion. The calculation 
made by Calmette, that in France 24 per 
cent of the children of tuberculous mothers die 
from tuberculosis in the first year of life if 
left with the mother, is many times higher 
than this Lancashire experience. This re- 
search shows that the death-rate from tuber- 
culosis for corresponding Lancashire children 
was 3.2 per cent; and further, from all 
causes, the rate was only 11.5 per cent.— 
The Fate of Young Children in Tuberculous 
Households, G. L. Cox, Tubercle, August, 
1929, x, 497.—(W. I. W.) 


Wet-Nurses and Tuberculous Infec- 
tion.—The authors injected the milk of 
tuberculosis-suspect wet-nurses into guinea 
pigs intraperitoneally and obtained entirely 
negative results. Of those tested 18 were 
Pirquet positive, 6 indefinite and 9 negative. 
It is possible that the conditions are different 
in the presence of open tuberculosis.— 
Enthalt die Milch tuberkulés oder verdéchtiger 
Wochnerinnen Tuberkelbacillen? Hacken- 
thal and Meyer, Zeitschr. f. Hyg., 1928, 
cviti, 806.—( H. J. C.) 


Probable Antenatal Tuberculous In- 
fection.—The possibility of antenatal in- 
fection from the placenta is now regarded as 
established, though of rare occurrence, and 
in the case here reported seems the most 
reasonable explanation of very advanced 
lesions in so young a subject. The baby 
weighed 7 pounds at birth, delivery was 
normal, and the placenta grossly normal. 
The child was wholly breast-fed, began to 
nurse badly, to have diarrhoea, and to lose 
weight at the age of four weeks. It died at 
the age of six weeks. In addition to the 
usual findings in general miliary tuberculosis, 
the coeliac lymph nodes lying between the 
head of the pancreas and the portal fissure 
showed an advanced caseating tuberculous 
lesion with central cavitation. To explain 
antenatal infection, it seems necessary to 


assume a general blood infection of the | 


mother, a genital tract infection of the 
mother, or genital tract infection of the 
father (the last being of course most rare). 
Inasmuch as examination of both parents 
was strikingly negative, and both have con- 
tinued to be perfectly well, the only remain- 
ing possibility is that the mother suffers 
from some latent tuberculosis of the genital 
tract.—A Case of Probable Antenatal Tuber- 
culous Infection, R. H. Morley, Arch. Dis. 
Childhood, August, 1929, iv, 227.—(P. J. W.) 


Diagnosis of Infantile Tuberculosis.— 
Behring’s theory that adult pulmonary 
phthisis is only the last stage of a tuber- 
culous process beginning in early childhood 
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was expressed over twenty-five years ago. 
It has since been a fundamental notion that 
infection occurs more or less early in child- 
hood, the number of contaminated persons 
increasing with age, and reaching 100 per 
cent in adults. It is, however, rare for first 
infection to occur at adult age. The child- 
hood forms differ from the adult in that they 
are closely related to the initial character of 
the lesions. They are seen at all ages up to 
puberty, and are a reaction to first infection. 
In an already infected organism allergy is a 
factor of prime importance; the child free 
from infection is anergic and nonspecific 
forces combat the invasion and multiplication 
of germs in his tissues. Tuberculosis im- 
munity is determined and increases progres- 
sively from infancy to childhood under the 
influence of small repeated infections. It is 
certain that the diagnosis of infantile tuber- 
culosis is of supreme importance practically. 
If the diagnosis of tuberculous disease 
in the adult is not always easy, in the 
child it is doubly hard and sometimes ex- 
tremely difficult. Points in Diagnosis: (1) 
Exact analysis of antecedents, with evalua- 
tion of the occasions for family or extra- 
family contagion; (2) examination of the 
constitutional characteristics of the child 
and modifications due to feeding, living 
conditions, and diseases; (3) evaluation of 
so called “tuberculotoxic” syndromes and 
their differentiation from other toxic condi- 
tions; (4) biological tests; and (5) roentgeno- 
logical tests. 1: Analysis of Antecedents: 
The criterion of contamination is often of 
great help, when the clinical signs are in- 
decisive and the cutireaction difficult to 
interpret. Family contagion is most impor- 
tant. Persons with catarrhal manifestations, 
chronic coughs, but of normal appearance, 
are most dangerous. Likewise nocturnal 
contact is more important than diurnal. 
The following points must be investigated: 
(1) whether the child is really among tuber- 
culous surroundings, (2) the source of con- 
tamination and its relation to the child, (3) 
circumstances favoring contagion, and (4) 
possible causes of extrafamily contamination. 
2: Analysis of Constitution and Modifying 
Factors: Among these are the capacity and 
mode of reaction, as individual resistance or 
vulnerability vary. At an early age there is 
a tendency to diffuse generalized lesions. 
The question of specific hereditary predis- 
position arises. It cannot be clinically 
proved. Children of tuberculous mothers 
are often feeble or dystrophic, and according 
to recent discoveries with “filterable virus” 
certain of these are truly tuberculous. A 
tuberculotoxaemia of the foetus may also be 
responsible. The so called “habitus 
phthisicus” has been a cause of much dis- 


cussion, being summarized in an individuai 
whose total mass is reduced, skeleton thin 
and fragile, musculature atrophied, thoracic 
cage elongated, heart reduced, and lungs 
long and narrow. These factors occur in 
DiGiovanni’s first combination, Viola’s long- 
lined type, Stiller’s asthenic constitution, and 
Sigaud’s respiratory type. Preconceived 
opinions have, however, been refuted by 
recent morphological studies. The begin- 
nings of constitutional types have been ob- 
served at a very early age, although they do 
not fully develop untillater. The first symp- 
toms to become manifest are, perhaps, 
certain “lymphatic states” related to Bartel’s 
“hypoplastic constitution” and Paltauf and 
Escherich’s “lymphothymic state.” In 
childhood one must consider as of possible 
aetiological relation all causes acting me- 
chanically on the respiratory organs. Among 
modifying constitutional factors Klein- 
schmidt has observed that a diet low in 
protein and with excess of carbohydrate 
favors exudative vagotonic manifestations. 
Improper education may injure the child’s 
health and lower its resistance, and even give 
rise to symptoms simulating tuberculous in- 
toxication: lack of appetite, fatigue, nervous- 
ness, general weakness, even elevation of 
temperature. Among the diseases which 
exert a baneful influence measles predomi- 
nates, and next to this, whooping cough and 
grippe. Whooping cough may cause atelec- 
tasis and bronchiectasis. Congenital syphilis 
may cause tracheobronchial adenopathy. 
Latent Tuberculosis: Occult Foci: Tubercu- 
lous Toxaemias: The conception of latency 
is still rather obscure. In the child, the term 
is applicable to only a few cases and is highly 
exceptional prior to six months. There are, 
however, a few children of a year or less who 
are in apparent health but react positively to 
tuberculin. After the first year, it is in- 
creasingly frequent and not always appre- 
ciated. Tuberculotoxic symptoms (nutri- 
tional and functional disorders, especially) 
are its commonest clinical expression. As 
these symptoms may be due to other causes, 
a positive cutireaction is of great value. 
Even then, the relation of cause and effect 
may be in doubt and a further study of the 
individual and his antecedents is neces- 
sary. In some cases the toxins may even 
stimulate growth and development, especi- 
ally psychic. In certain cases nervous 
symptoms predominate (excitement, depres- 
sion, moodiness, broken or agitated sleep). 
Phenomena of cardiovasctilar erethism may 
predominate (arhythmias, vasomotor dis- 
turbances, tachycardias); in other cases 
periodic febrile disturbances. Nutritional 
disturbances are among the most important, 
varying from failure to gain weight to ex- 
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treme athrepsia. Their cause may be 
difficult to determine, as the cutireaction 
may be negative, due to anergy, and the 
roentgenographic examination rarely yields 
definite evidence. A very suggestive com- 
bination of symptoms is that of marked 
irregularity of pulse and temperature, com- 
bined with pallor and loss of weight. Most 
important of confirmatory biological tests is 
the tuberculin reaction. Primary Tubercu- 
lous Focus and Tracheobronchial Adenopathy: 
We cannot pretend to have achieved the 
earliest possible diagnosis of primary foci, 
despite the newest roentgenographic and 
clinical studies. Usually one finds the first 
signs of tuberculous lymph-node lesions coin- 
cidently with the evolution of pulmonary 
foci, and usually surpassing the latter in 
importance, but the physical signs are too 
slight to make a positive diagnosis. Among 
the functional symptoms, of most importance 
are cough, sometimes dry, sometimes moist, 
very often paroxysmal, Marfan has de- 
scribed a cough of double tonality, the one 
sound produced in the glottis, the other in 
an obstructed large bronchus. Raucous 
expiration and cyanosis and swelling of the 
face are also important; the latter signs are 
due tojugular compression. Interscapular 
dulness, or other areas of dulness, may be 
noted, due to atelectasis, compression of 
bronchi by enlarged lymph nodes, or foci of 
pulmonary congestion. Auscultation is more 
important. D’Espine’s sign of vertebral 
bronchophony is of value. When the 
bronchi are compressed an amphoric whistle 
may be heard over the hilum or the vesicular 
murmur may be diminished over a more or 
less extensive pulmonary area. Dufourt has 
described a submammary pleurisy due to 
propagation of inflammation from the hilum 
lymph nodes to the interlobar pleural layers. 
Roentgenographic examination is useful to 
control the clinical examination and often 
permits in itself a diagnosis of tracheo- 
bronchial adenopathy. However, it is neces- 
sary to know exactly the situation of the 
normal shadows, espécially about the hilum. 
Clearly positive are shadows occupying the 
normally clear spaces of the pulmonary field 
and outside the hilum. These are not 
always due to lymph nodes; they may be due 
to infiltrations, inflammations or other tissue 
reactions. Repetition of the roentgenographs 
at suitable intervals greatly increases their 
value. Topography.and Character of Lesions: 
There may exist (1) periglandular hilum foci, 
(2) parenchymal foci, single or multiple, and 
(3) diffuse foci. With these processes there 
often alternate more or less extensive lesions 
of “epituberculosis” or simple perifocal in- 
flammation. One must distinguish the 
lymphatic forms with pulmonary reaction 


and definite pulmonary foci with concomi- 
tant tracheobronchial adenopathy. The 
differential diagnosis between Grancher’s 
“splenopneumonia” or “epituberculosis” and 
ordinary pneumonia is based on the dis- 
proportion between objective symptoms and 
general reaction, together with the positive 
tuberculin reaction. Tuberculosis of the 
hilum may retrogress, or spread by con- 
tinuity by way of the bronchi, lymph 
or blood passages, and set up other pul- 
monary localizations. Frequently seen after 
middle childhood, these are not rare in 
infancy, as Armand-Delille and Lestocquoy 
have shown. The lesions may resorb or 
undergo grave evolution, with caseation and 
cavitation, particularly difficult to determine 
in young children by physical examination. 
Sometimes an eruption of tuberculides or 
exudative erythema will clinch the diag- 
nosis; again recourse must be had to the 
X-ray and biological tests. Caseous pneu- 
monia may remain latent for some time, with 
slight cough, subfebrile temperature, and 
then malnutrition, when the X-ray may 
reveal numerous small cavities or zones of 
hepatization. Again it may simulate pleurisy. 
In the last period of childhood appear forms 
of the disease like chronic adult phthisis. 
Biological Diagnosis of Infantile Tubercu- 
losis: Direct search for the tubercle bacillus 
is more difficult than with adults, especially 
in the absence of sputum. Most important 
is the tuberculin reaction; but one must 
bear in mind certain conditions under which 
it may be negative in the presence of tuber- 
culosis. In cases in which the skin is un- 
suited for performing it the subcutaneous 
test may be used. Individuals vary in tuber- 
culin sensitiveness; nevertheless the cutireac- 
tion is the method of choice in diagnosing 
infantile tuberculosis, and pediatricians are 
coming more and more to favor its use. 
Other biological reactions referred to are 
urine, serum, used in cutaneous tests, comple- 
ment deviation, agglutination, precipitation, 
serum flocculation and erythrocyte sedimen- 
tation. Theimportance of treating the child 
with latent or tracheobronchial forms is em- 
phasized.— Le diagnostic de la tuberculose in- 
fantile, R. Jemma, Rev. Belge d. 1. Tuberc., 
September-October, 1928, xix, 191.—(A. P.) 


Respiratory Disorders in Infants.— 
There is urgent need for a careful analysis 
and proper evaluation of the various factors 
which induce acute pulmonary infections in 
infancy.and childhood. The death-rate from 
these infections has remained stationary in 
recent years, whereas that from enteric in- 
fections has steadily decreased. Previous 
studies of ultraviolet radiation of children 
during the winter and early spring months, 
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and of the relation of nutrition to pneumonia, 
gave unsatisfactory results as a means of 
decreasing the incidence of these infections 
in infant-hospital wards. The present study 
was to determine whether the spread of infec- 
tion could be prevented by purely mechanical 
measures, using the principles of “aseptic 
nursing.” During the course of a winter all 
persons coming in contact with the infants in 
one ward were required to wear surgical 
masks and to scrub their hands thoroughly 
before the examination or handling of chil- 
dren. A comparison made with infants in a 
control ward showed that a decrease in 
respiratory diseases of only 10 per cent was 
accomplished by this means. Infants kept 
in cribs showed almost a 50 per cent higher 
incidence of infections than those cared for 
in bassinets. The frequency of infection per 
child was less in the protected than in the 
control ward. Aseptic nursing was of no 
value in preventing the spread of an outbreak 
of varicella— Respiratory Disorders in In- 
fants; Attempted Prevention by Control of 
Contact Infection, H. Abramson and L. H. 
Barenberg, J. Am. M. Ass., June 29, 1929, 
xeti, 2156.—(G. L. L.) 


Tuberculosis in Young Infants.— 
This is a study of both postmortem and 
clinical findings in a series of 75 infants with 
tuberculous lesions at the Harriet Lane Home 
in Baltimore, during a period of. thirteen 
years. Of the 73 cases of which dependable 
histories were obtainable, 33 per cent were 
positive for exposure to tuberculosis, 12 
per cent were suggestive, and 52 per cent 
negative. In considering the 33 infants giving 
a negative history, the possibility of placenta 
transmission would have to be taken into 
account. From the literature the author con- 
cludes that congenital tuberculosis occurs, 
but is rare. Her conclusions from the 
autopsy findings were as follows: The 
tracheal or bronchial lymph nodes were in- 
volved in 83 per cent of the cases. The 
lungs were involved in every patient except 
two. One of these two infants had no lesion 
outside the meninges, except an involvement 
of the lymph nodes near the bifurcation of 
the trachea. The other had an involvement 
of only the bronchial lymph nodes and those 
near the aorta. Miliary tubercles were 
present in every case in which the lungs were 
involved, except three. Two-thirds of the 
patients had tuberculous bronchopneumonia 
or lobular pneumonia, nearly always caseous. 
This was found more often on the right side, 
and most frequently in the lower lobes. This 
corresponds with the most frequent site of 

cavities. Cavities occurred in nearly 50 
per cent of the cases. They varied in size 
from those which were just visible to one 
which occupied nearly an entire lung. Pleu- 


ral adhesions were present in nearly 50 per 
cent of the cases, most frequently on the 
right side. A pleural effusion was present 
once, in which case it was bilateral. The 
spleen was involved in nearly all cases, as 
was also the liver. The kidneys contained 
tubercles in more than half of the total 
number of cases. One-third showed definite 
ulceration of the intestines. In all cases 
with intestinal ulceration, the mesenteric 
nodes were also caseous. There were, how- 
ever, nearly as many cases in which the 
mesenteric nodes were caseous without in- 
testinal involvement. In 45 per cent of the 
infants in this series, tuberculous meningitis 
was found at autopsy. Miliary tuberculosis 
was present in every case of tuberculous 
meningitis. Solitary tubercles were seldom 
found in the central nervous system, possibly 
because serial sections of the brain were not 
made. Peritonitis occurred in 5 infants (6.6 
per cent). In 3 cases tuberculous lesions 
were found “‘by chance” at autopsy. Inall 
but six of the cases of tuberculous meningitis 
the diagnosis was proved at autopsy. Only 
3 cases showed a negative result when the 
intracutaneous test dose was increased. Ten 
cases gave positive results on having the 
dose increased. Twice as many cases of 
miliary tuberculosis were missed by the 
X-rays as were correctly diagnosed. Appar- 
ently tuberculosis of the lungs in infants 
must be quite far advanced before it becomes 
visible roentgenographically. More than 
twice as many infants died during the second 
half of the first year as during the first half — 
Tuberculosis in Infants under One Year of 
Age, K. Merritt, Am. J. Dis. Child., Sep- 
tember, 1929, xxxviii, 526.—(P. J. W.) 


Spontaneous Nontuberculous Pneu- 
mothorax in Early Infancy.—This con- 
dition in babies under two is not as rare as 
has been supposed. In adults tuberculosis 
is the principal aetiological factor, but in 
infants lobar and bronchopneumonia and 
whooping cough take precedence. A little 
girl of 16 months wag brought to the hos- 
pital because of frequent convulsions. Three 
months previously she had had pneumonia 
involving the right upper lobe, with rapid 
recovery. On admission to the hospital at 
the time of the attack of convulsions, ex- 
treme dyspnoea with cyanosis supervened. 
Clinical and radiological examinations re- 
vealed complete right-sided pneumothorax, 
which was gradually absorbed, without 
liquid effusion. This type of case is es- 
pecially rare in infancy, resembling more the 
adult form. Tuberculin tests were always 
negative. It is interesting that the con- 
vulsive seizures to which the child had been 
subject were in abeyance while the pneu- 
mothorax lasted. The previous attack of 
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pneumonia had had the same effect on the 
convulsions. A second case was that of a 
boy of eleven months, whose right-sided 
pneumothorax was as complete, without 
effusion, discovered quite by chance, on 
radiological examination made because of 
cough. This is the more common type in 
infancy. Forty-three other cases have been 
reported in French and other literature. 
The causes given are various, but lung 
abscesses, pneumonia, and whooping cough 
are the most common. The mechanism of 
production of the pneumothorax is either the 
opening into the pleura of a subpleural 
abscess, or the rupture of an emphysema- 
bubble at the periphery of a zone of con- 
solidation. The prognosis depends upon 
the cause. If the pneumothorax remains 
dry, progressive recovery is the rule— 
Le pneumothorax spontané nontuberculeux 
dans la Premiére enfance, P. Lereboullet, M. 
Lelong et R. Even, Nourrisson, September, 
1929, xvii, 257.—(P. J. W.) 


Tuberculosis in Infants.—The author 
reports 4 cases, and on the basis of these 
and those reported in the literature divides 
congenital tuberculosis into two forms: that 
in which placental infection occurred with 
primary changes in the periportal glands, 
and infection with primary changes in the 
respiratory tract originating either from the 
placenta by way of the ductus venosus arantii 
or bronchogenically. The frequency of con- 
genital tuberculosis is given as about 5 
per cent of infantile tuberculosis. The 
author reports 15 cases developing during the 
first year, in 7 of which the disease was 
healed. The prognosis is dependent upon 
whether the disease has become generalized; 
otherwise the children are in no worse condi- 
tion than those infected at a later date.— 
Uber  Séuglingstuberkulose, K. Scheer, 
Zeitschr. f. Tuberk., 1928, lit, 5—(H. J. C.) 


Pulmonary Tuberculosis of Infants 
and Children.—Pulmonary tuberculosis in 
infants and children may be classified, 
according to the appearance and distribution 
of the infiltrations on the roentgenograph, 
as primary tuberculosis, glandular tubercu- 
losis, hilum tuberculosis, miliary tuber- 
culosis, and adult tuberculosis. Except in 
instances of quiescent hilar lymph-node tu- 
berculosis in children, careful codperative 
study of cases by the clinician and roentgen- 
ologist should result in few errors. Important 
for positive diagnosis are history of contact, 
positive intracutaneous reaction and symp- 
toms—Pulmonary Tuberculosis of Infants 
and Children, R. G. Karshner, Am. J. 
Roentgenol. & Rad. Ther., September, 1929, 
xit, 226.—(W. I. W.) 


Tubereulosis in Children.—It seems 
evident that if much is to be accomplished 
along preventive lines, it is necessary to do 
more than care for the cases with active 
disease. Any means making possible the 
finding of more active tuberculosis than is 
now being done would be of value; of even 
greater importance would be some practical 
means of preventing the development of 
active tuberculosis. The author outlines a 
plan which could be used on a wide scale for 
the prevention and control of tuberculosis. 
Tuberculin tests could be done on all school 
children. When a positive test is obtained, 
the preschool sisters and brothers should be 
tested. Also, the adult members of the 
family should be investigated in an attempt 
to find the source of spread. Should BCG 
prove of value as a preventive measure 
uninfected children suitable for its adminis- 
tration would incidentally belocated. These 
methods would necessarily be the function 
primarily of health organizations. The next 
step would be the distribution of the care of 
these individuals. The aid of the practising 
physician is required. A record of the posi- 
tive tuberculin test, of the state of the child’s 
nutrition, and of the condition of the tonsils 
and teeth should be made, and a copy of this 
record should be taken by the patient to his 
physician. Adults in whom the disease is 
suspected should be referred to the private 
physician if they are able to have one. The 
private physician will in all probability 
codéperate if he understands that he is to 
assume responsibility for the care of these 
individuals. Signed permission from parents 
for the tuberculin test would have additional 
educational value. In instances in which 
the facilities are limited it seems preferable 
to do intensive work rather than to attempt 
to cover wide areas superficially.— Tubercu- 
losis in Children: A Plan for Prevention 
and Control, H. Casparis, J. Am. M. Ass., 
November 23, 1929, xcitt, 1639.—(G. L. L.) 


Tuberculosis in Children.—Meningeal, 
respiratory and abdominal tuberculosis are 
the most common types of tuberculous dis- 
ease in the first five years of life. A group 
of 254 cases of tuberculosis was studied and 
grouped in age-periods birth to 2 years, 2 to 
5 years, and 5 to 12 years. The existence of 
healed or dormant tuberculous lesions is an 
important fact in later childhood and in 
later life. In the first two years, active 
pulmonary tuberculosis assumes a greater 
variety of forms, namely, tuberculous bron- 
chitis, bronchopneumonia, acute caseous 
pneumonia, and a caseous_ tuberculous 
process at the hilum. Efficient prevention 
of pulmonary tuberculosis in the young child 
demands, first, the detection of phthisis in 
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the parent, and measures to guard against 
the danger of their close contact with the 
child.— Tuberculosis in Childhood, 
C. McNeil, Brit. M. J., October 12, 1929, 
no. 3588, 655 —(W. I. W.) 


Pulmonary Tuberculosis in Children. 
—The difficulties in diagnosing intrathoracic 
tuberculosis in children are discussed. The 
clinical examination, radiological studies, 
and the tuberculin skin reaction are the 
three methods of investigation which are 
most likely to establish a correct diagnosis.— 
The Diagnosis of Intrathoracic Tuberculosis 
in Children, B. Schlesinger, Tubercle, 
October, 1929, xi, 1—(W. I. W.) 


Pulmonary Tuberculosis in Children. 
—The diagnosis of pulmonary tuberculosis is 
justified under the following conditions: 
(1) when physical signs indicate disease of 
the adult type and tubercle bacilli are found 
in the sputum or faeces; (2) when the signs 
‘or symptoms of miliary tuberculosis are 
confirmed by X-ray evidence; and (3) when 
pleurisy with effusion is present and is not 
due to any demonstrable cause.—The 
Diagnosis of Pulmonary Tuberculosis in 
Children, W. Wood, Tubercle, October, 1929, 
xt, 8.—(W. I. W.) 


Roentgenographs of Chest in Children. 
—This study covers a period of one year 
(in Chicago), during which 171 pairs of lungs 
were examined postmortem. The patients 
were children .up to thirteen years of age. 
No children with contagious disease or with 
open tuberculosis are admitted to the Chil- 
dren’s Memorial Hospital, where the study 
was made. A careful history of every pa- 
tient was taken, with repeated careful 
eeion examinations and the necessary 

boratory work. Roentgenographs were 
made at intervals during life. If the pa- 
tient died a roentgenograph of the chest was 
taken postmortem, and finally X-ray pic- 
tures were made of the excised lungs after 
they had been inflated with air. In some 
instances opaque substances were injected 
into the circulatory system of the lungs, the 
bronchial tree, or both, and X-ray pictures 
were again taken. All the lungs were care- 
fully dissected with the films before the 
examiner, in order that the pathological 
changes might be compared with the shadows 
present in the roentgenographs. It is 
impossible to formulate any standard for a 
normal chest from a roentgenographic stand- 
point. Interpretation of the X-ray pictures 


should go hand in hand with the history and 
clinical and physical observations and 
laboratory data. The hilar shadows and 
the linear markings are made up, for the 


most part, of the blood in the blood-vessels, 
and not of the bronchi. The rounded 
shadows of even density occurring in the 
inner third of the lung fields, as well as those 
found along the linear markings, are due to 
blood-vessels running parallel to the axial 
ray. Normal lymph nodes do not cast 
shadows. Hyperplastic lymph nodes, 
whether caseated or inflammatory, whether 
in the hilum or in the intrapulmonary tissue, 
cannot be recognized as such if they do not 
contain calcium. They will not cast shadows 
unless they are large enough to encroach on 
the pulmonary fields from the mediastinum 
or the hilum, or unless they are visible by 
contrast in the air-bearing pulmonary 
parenchyma. The size and shape of the 
hilar shadow are influenced not only by 
active infection, but also by the remains of 
previous infections. It may show wide 
variations in different roentgenograms and 
yet be within normal limits for the person 
examined.—Inter pretation of Roentgenograms 
of the Chest in Children Based on Observations 
at Necropsy, J. A. Bigler, Am. J. Dis. 
Child., November, 1929, xxxviti, 978— 
(P. J. W.) 


Sinusitis and Tuberculosis in Chil- 
dren.—In children, especially, sinusitis 
may both simulate and aggravate tubercu- 
losis. Tuberculous patients seem particularly 
susceptible to upper-respiratory infections. 
Sinusitis will result from the continued 
upper-respiratory infections, and then the 
secondary pulmonary changes in the cen- 
tral lung field may follow superimposed 
upon the tuberculous focus. The resultant 
pulmonary infection secondary to a sinu- 
sitis may present a picture clinically and 
roentgenologically so similar as to be at 
times very easily confused with that of 
juvenile tuberculosis. The routes of infec- 
tion are: J: By way of the lymphatic 
vascular route, namely, submaxillary and 
retropharyngeal lymph nodes into the deep 
cervical and internal jugular nodes, then 
into the lymph ducts, great veins, right side 
of the heart, and then into the lungs by way 
of the pulmonary artery. 2: By extension 
through inhalation. Not all cases of sinu- 
sitis are associated with secondary puimonary 
changes. X-ray plates revealed lesions 
varying from the moderate hilum glandular 
enlargement with nodulation to central 
consolidation with interlobar pleurisy re- 
sembling the juvenile type of tuberculosis. 
A persistently negative tuberculin test is of 
course of the greatest value in ruling out 
tuberculous infection.— Sinusitis and Tuber- 
culosis in Children, H. A. Reisman, Arch. 
Pediat., November, 1929, xlvi, 667.— 
P.J.W 
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Pneumonia in Children.—Studies were 
made on 100 cases of lobar pneumonia in 
children in which the factors of age, sex, 
character of onset, febrile course, relapse, 
complications, blood count, roentgenological 
characteristics, lobes involved and recovery 
or improvement are noted. The order of 
single-lobe involvement was: right upper, 
28.5 per cent; left lower, 28.5 per cent; left 
upper, 25 per cent; right middle, 14.3 per 
cent and the right lower 3.7 per cent.— 
Lobar and Central Pneumonias in Children, 
F. B. Stephenson, Am. J. Roentgen. & Rad. 
Ther., June, 1929, xxi, 571—(W. I. W.) 


Early Pulmonary Calcified Foci in 
Children.—In children, as in adults, there 
is a predisposition of the pulmonary apices 
to tubercle. The incidence in boys was 
1.7 per cent and in girls 2.2 per cent of early 
apical lesions, a total of 45 cases being 
found. The greater incidence among girls 
was due to a greater exposure. The lesions 
are as a rule sharply defined and homo- 
geneous; otherwise, in number, size and 
form there is no regularity. The general 
disposition of the lesions seems to indicate 
an early secondary stage in which the 
general and local allergic condition closely 
resembles the primary stage. Frequently 
the lesions car be identified with Puhl foci. 
Late pulmonary changes in the apices bear 
no relation to the earlier apical foci—Zur 
Frage der friihen pulmonalen Kalkherde im 
Schulalter, Insonderheit der friihen sekundéren 
Spitzenherde, K. Niissel, Beitr. 2. Klin. d. 
Tuberk., 1928, lxix, 28—(H. J. C.) 


Ten-Year Program for Children.— 
Since this plan was first put into operation 
in 1924 approximately 100,000 children have 
been examined in Massachusetts and many 
things learned. First, infection with the 
tubercle bacillus is not as common as we 
thought. At the age of five, the beginning 
of school life, 20 per cent are infected, at ten 
28 per cent, at fifteen 35 per cent. Thus, 
there is roughly one point increase of infec- 
tion with each year from five to fifteen. We 
have some figures for adults (nurses and 
teachers) which indicate only 50 per cent 
infection, a lower figure than was thought. 
Hence, when tuberculosis is suspected but 
not evident in adults we should give the 
tuberculin test as we do in children, for to 
be able to rule out tuberculosis in 50 per cent 
is very worth while. The use of the tuber- 
culin test has also shown us that only about 
one-third of diseased cervical lymph nodes 
are tuberculous. Clinic procedure for the 
future will be revised on the basis of past 
findings, as follows: First the tuberculin 
test will be given to all the children. Next 


reactors will be X-rayed. Finally those 
showing pathological changes in the films 
will be examined and a careful history se- 
cured, after which, with all the findings on 
hand, the parents will be advised. This 
plan has already been tested at East Long- 
meadow, Massachusetts. About 80 per 
cent of parents consented to the tuberculin 
test, and the Pirquet test was done by two 
physicians on 430 children in three schools 
during the morning session. Three days 
later the results were recorded in all but 
those absent by one physician in three hours. 
An X-ray technician was then sent to X-ray 
the positive reactors. Interpretations have 
been made and careful physical examination 
of those showing pathological changes will 
follow, the mother preferably coming with 
the child. With this system twice as many 
children can be examined as to tuberculosis 
in one year with a smaller staff. The Massa- 
chusetts Tuberculosis League is sponsoring 
the examination of a large number of 
women in industry and it is suggested that 
the same method be followed. If only a 
physical examination is given many early 
cases of tuberculosis will be missed, or if it 
is made optional the 15 or 20 per cent that 
refuse examination will be the group which 
would show the most tuberculosis; hence 
arrangements should be made with em- 
ployers to get all employees examined. A 
check-up of the death-rates for tuberculosis 
reveals rates of 280 per 100,000 in 1898, 
210 in 1908, 146 in 1918, and 73 in 1928. 
Thus the reductions were respectively one- 
quarter, one-third, and one-half. Chadwick 
ventures to prophesy that in 1938 the 
death-rate in Massachusetts from all forms 
of tuberculosis will be under 40 per 100,000. 
—The Ten-Year Program for Children— 
Progress and Plans, H. D. Chadwick, New 
Ceey J. M., May 30, 1929, cc, 1154.— 


Juvenile Tuberculosis.—As the basis 
of the infiltrate occurring in the infraclavicu- 
lar region it is pointed out that this consists 
of 1 to 3 small caseous nodules associated 
with collateral gelatinous pneumonic inflam- 
mation. The vascular system is considered 
responsible for the acinous focal lesions, 
regardless of whether they are productive or 
exudative-caseous in character. They have 
an interstitial location. The question of 
metastases or superinfection in the phthisis 
of puberty is left open. Juvenile tubercu- 
losis appears to be a transition form from 
the secondary and tertiary stages of Ranke 
as expressed in the lymph-node changes. 
A diminished resistance of the endocrine 
system is indicated by the relatively frequent 
affection of the thyroid gland, to the extent 
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of 15 per cent in juvenile tuberculosis.— 
Die pathologische Anatomie der juvenilen 
Tuberkulose (Pubertatsphthiseproblem), W. 
H. Stefko, Bettr. s. Klin. d. Tuberk., 1928, 
leix, 278.—(H. J. C.) 


Acid-Fast Skin Infections of Cattle. 
—It is comparatively easy to detect acid- 
fast bacilli in tuberculous-like lesions of the 
skin, and the assumption would naturally 
be that these are bovine tubercle bacilli, 
were it not for the fact that they only 
exceptionally initiate disease in animals 
which are susceptible to mammalian bacilli. 
At present there exists no proof that bovine 
tubercle bacilli lose their virulence or their 
capacity to grow, through being in super- 
ficial lesions of cattle. Tuberculin, pre- 
pared from one strain isolated from such an 
area of disease, produced a remarkably high 
and uniform reaction when used as a test 
medium for animals with this disease. 
Skin-lesion cattle are sources of considerable 
trouble in the field. They usually react to 
tuberculin. What shall be done with them? 
The contention that the lesions may contain 
dead or avirulent bacilli should be given 
some consideration. This puzzling problem 
should be studied further—The Relation of 
Acid-Fast Skin Infections of Cattle to 
Bovine Tuberculosis and Other Acid-Fast 
Infections, J. Traum, J. Am. Vet. Med. 
Assn., March, 1929, luxiv (n. s. xxvii), 553.— 
(H. S. W.) 


Bovine Skin Lesions.—This study com- 
prises the investigation of 35 cattle as follows: 
32 with cutaneous lesions, two with lesions 
of the teat, and one with cutaneous lesion 
and, at autopsy, disease of a cervical lymph 
node. Smears were always made, and parts 
of the tissue ground in a mortar and inocu- 
lated either directly or after digestion with 
sodium hydroxide. Acid-fast bacilli were 
found in 91.1 per cent of the lesions, although 
prolonged search was sometimes necessary. 
Acid-fast granules were frequently en- 
countered. The period elapsing between 
inoculation of material into animals and the 
death of the latter averaged 192 days. 
Tuberculous lesions were produced in five 
rabbits, two guinea pigs and one chicken, 
all of which were -tuberculosis-free at the 
beginning of the experiment. One-fifth of 
the cutaneous lesions studied produced 
lesions and, although the bacilli may have 
been somewhat attenuated, they were alive 
and had some virulence. All of the tuber- 
culous animals died: none was killed. None 
of the animals in the experiment reacted to 
tuberculin.—Studies with Bovine Skin Le- 
sions, C. Elder, A. M. Lee, and T. R. 
Phelps, J. Am. Vet. Med. Assn. July, 1929, 
(n. s. xxviit), 51.—(H. S 


Lesions in Cattle Tuberculosis.—It 
has been shown that careful gross and 
histological search of reacting cattle at 
autopsy reveals tuberculous lesion in all 
but 0.25 per cent. In human pathology 
(and it must surely hold in bovine pathology) 
the ordinary autopsy methods are not satis- 
factory when one is looking for all lesions 
present. It is much better to harden at 
least the respiratory organs in toto and then 
cut them into thin slices not more than 
2 mm. thick. Such a procedure yields a 
considerably higher incidence of infection 
than does the usual autopsy technique. 
This is not possible as a routine procedure, 
but as a study on a series of animals it 
might yield important information. Lesions 
both new and old, fresh and calcified, may 
be very small and may readily be overlooked. 
Of greater importance than the fact that 
some animals react without demonstrable 
lesion is the fact that some fail to react in 
the presence of demonstrable lesion.— 
Lesions of Tuberculosis, M. Pinner, J. Am. 
Vet. Med. Assn., March, 1929, luxiv (n. s. 
xxvit), 553.—( H. W.) 


Tuberculosis Eradication among 
Cattle.—The codperative work between 
state and federal governments to eradicate 
tuberculosis has continued apace during the 
last year with about 12,000,000 tuberculin 
tests. In 1922 a very extensive survey 
revealed the fact that approximately 4 per 
cent of all the cattle were tuberculous. In 
1928 that figure had been reduced to 2 per 
cent. On May 1, 1928, there were only 139 
counties out of a total of 3,072 counties in 
the United States in which the percentage 
of tuberculosis was higher than 7 per cent. 
Of all the accredited herds (comprising 
2,302,260 cattle) in the country, 5 per cent 
failed to pass on animal retest in 1925 and 
3 per cent in 1928. Most of the reactors 
were from herds outside the modified 
accredited areas. From the experience with 
animal retesting, it is clear that most of the 
herds remain free from infection, once the 
latter is rooted out. Area work, that is 
eradicating by areas (for instance, counties), 
continues to be the most favorable and 
promising method. There continues to be 
a very real reduction in tuberculous cattle 
and swine as reported from the Meat Inspec- 
tion Division through its inspection of 
slaughter houses. Careful attention has 
been given to the testing of cattle for inter- 
state shipment. Much attention has been 
given to avian tuberculosis.—Present Status 
of Progress of the National Coéperative 
Tuberculosis Eradication Campaign, A. E. 
J. Am. Vet. Med. Assn., arch, 1929, 
lxxtv, (n. s. xxvit), 517—(H. S. W.) 
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North Carolina Cattle Tuberculosis- 
Free.—On October 1, 1928, tuberculin tests 
were completed on all the cattle in the 100 
counties of North Carolina, and the state 
came into the modified accredited area. 
This is the result of ten years of active local 
work in eradication of tuberculosis. There 
is now no place in the state where dairy 
products may be sold from untested cows. 
Very little infection was found among 
native herds, but much more in pure breed 
herds, having been brought in by importa- 
tion of breeding stock. Practically no tuber- 
culosis was encountered in the poultry and 
in hogs. Of 621,403 tests applied, 2,079 
reactors in 1,504 herds were found. The 
total cost for this work was $311,599 or 
something over fifty cents per head. In- 
demnity not exceeding $25.00 per head for 
grade cattle and $50.00 for pure breeds was 
paid. Testing will be kept up.— North 
Carolina an Accredited Tuberculosis-Free 
State, W. Moore, J. Am. Vet. Med. Assn., 
March, 1929, Ilxxiv (n. s xxvii), 498.— 
(H. S. W.) 


Avian Tuberculin in Johne’s Disease. 
—Normal, nonreacting guinea pigs after 
inoculation with avian tubercle bacilli 
promptly develop sensitization to avian 
tuberculin and to johnin. Similar animals 
after infection with Johne’s bacillus develop 
such sensitiveness only slowly, but eventually 
they react to both avian tuberculin and 
johnin. Chickens infected with avian tuber- 
cle bacilli react readily and vigorously to 
johnin when injected into the wattle, but 
chickens infected with either human or 
bovine tubercle bacilli do not react to this 
product. A flock of 375 birds’in which 
extensive tuberculosis was known to exist 
was divided into two groups. One of these 
was tested with avian tuberculin, the other 
with johnin. Of 168 chickens in the avian 
tuberculin group, 64 reacted. Of 195 that 
received johnin, 46 reacted. Reactions 
were quite alike in both groups. When the 
type of tuberculin was changed in the groups 
and all the fowl had been tested with both 
avian tuberculin and johnin, it turned out 
that altogether 137 reacted to avian tuber- 
culin, 103 reacted to johnin, and 86 of these 
reacted to both products. Sheep infected 
with Johne’s bacillus and later subjected to 
intravenous injection of johnin, became ill 
within a few hours and in some instances 
died. These latter had many gastric and 
other visceral haemorrhages. No evidence 
of Johne’s disease could be seen. Control 
animals became more or less ill. Surviving 
animals, kept for months, were given a 
johr*n test in the skin which was markedly 
positive, the control being negative. This 


was also true of small intravenous injections. 
Later when tested subcutaneously and 
simultaneously with johnin and avian tuber- 
culin, they reacted equally strongly to both. 
They also reacted to intravenous injections 
of avian tuberculin. Calves artificially 
injected with Johne’s bacillus were found to 
react with equal vigor to both avian tuber- 
culin and johnin. This was also true of 
calves infected spontaneously. Avian tuber- 
culin has been used for several months in 
testing (intravenously) herds known to be 
infected with Johne’s disease, and a high 
incidence of reactions has been found. 
Subcutaneous test in natural infection with 
Johne’s bacillus is not so regular in producing 
reactions.—Johnin Versus Avian Tuberculin 
as a Diagnostic Agent for Paratuberculosts 
(Johne’s Disease) of Cattle, W. A. Hagan 
and A. Teissig, J. Am. Vet. Med. Assn., 
June, 1929, lxxiv (n. s. xxvit), 985.— 
(H.S. W.) 


Spontaneous Tuberculosis in Guinea 
Pigs and Rabbits.—Under good hygienic 
conditions and proper caging it is extremely 
rare to see guinea pigs or rabbits develop 
tuberculosis spontaneously. In her thirty 
years’ experience the author has only rarely 
seen it, and in these instances it is possible 
that the infected animals had been previously 
used for experimental purposes. In response 
to a questionnaire Theobald Smith, Park, 
Bieling, Calmette, Uhlenhuth and Schloss- 
berger state they have never seen sponta- 
neous tuberculosis in laboratory animals. 
Krause, Baldwin and Bruno Lange have 
seen it only three times. Opie, Sewall and 
Perla, in contradiction to this view, say they 
have seen it more frequently. Krumwiede 
and Gardner have not seen spontaneous 
tuberculosis develop in laboratory animals 
born of tuberculous mothers and left exposed 
in the same cage to infected animals. For 
practical purposes, therefore, in the diagnosis 
of tuberculosis from animal inoculation 
spontaneous infection should not be con- 
sidered. Conclusions: Guinea pigs and rab- 
bits can become spontaneously infected with 
tuberculosis. The type of bacillus with 
which they become infected depends on’ 
circumstances. The susceptibility of guinea 
pigs to artificial infection is, as is well known, 
very great. It is just the reverse by natural 
infection. Healthy guinea pigs which live 
with tuberculous animals only rarely become 
sick. The picture of spontaneous tubercu- 
losis differs from that of inhalation and this 
fact is well known to tuberculosis workers. 
Pseudotuberculosis is sufficiently character- 
istic not to be confounded with tuberculosis 
by any bacteriologist. It is naturally 
necessary that the raising of the animals be 
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organized according to the best conditions of 
hygiene, and they should be wellfed. Under 
these conditions, it is right to exclude the 
source of error of spontaneous infection in 
the diagnosis of tuberculosis by animal 
experimentation.— La tuberculose spontanée 
chez les animaux de laboratoire, L. Rabino- 
witsch- Kempner, Ann. de Méd., April, 1929, 
xxv, 287.—(B. T. McM.) 


Latent Leprosy in Rats.—It has been 
shown by several authors that wild rats not 
infrequently are victims or subjects of an 
endemic disease, which grossly, histologically 
and bacteriologically completely resembles 
leprosy in human beings. Now comes a 
systematic search for acid-fast microérgan- 
isms (Hansen’s bacillus is present in large 
numbers of the lesions of wild rats) in wild 
rats without gross lesions of leprosy. In 
this search such a bacterium has been culti- 
vated on Musgrave and Clegg’s medium 64 
times from the spleen, testis, lymph nodes, 
lungs, and subcutaneous tissue of 24 out of 
37 (65 per cent) wild rats showing no gross 
lesions of leprosy. From the tissues of three 
rats having well-marked leprous lesions, a 
similar microérganism was grown 17 times 
(100 per cent) and also from white rats 
inoculated with material from a wild leprous 
rat at various times from seven days to 
seven months before cultivating. While 
usually acid-fast on Musgrave and Clegg’s 
medium, this microérganism on other media 
may assume a diphtheroid, streptococcoid, 
bacillary or branching filament form. These 
mutations are identical with those of an 
actinomycete of soil origin. The great 
prevalence in rats of latent infections with 
lepra-actinomycetes suggests a probable 
existence of a similar condition in man; it 
may explain the source and endemic nature 
of the disease. It is a subject which should 
be most thoroughly investigated — The 
Identity of Human Leprosy. and Rat Lep- 
rosy, E. R. Walker and A. Sweeney, J. 
Prev. Med., July, 1929, iti, 325.—( H. S. W.) 


Results with BCG.—The authors have 
studied 14 infants, each of whom had re- 
ceived BCG during the first few days of life. 
Six of these had negative tuberculin tests, 
with no clinical or radiological signs suggest- 
ing tuberculosis. Of the six, three died of 
ordinary digestive or respiratory disorders. 
Necropsy on one showed no macroscopic 
tuberculous lesion. This infant, at the age 
of one month, lived for eight days with a 
tuberculous uncle. Another infant who died 
had a tuberculous father who visited him 
only rarely. The four others of the six 
tuberculin-negative infants were not known 
to have been exposed to tuberculosis. Eight 


infants had positive tuberculin tests. None 
came to the hospital for conditions which 
might have been thought tuberculous. Two 
of these infants presented no localized signs 
suggestive of tuberculosis. Six presented 
more or less definite clinical and radiological 
signs of hilar infiltration suggestive of 
tuberculosis. Six of the eight are dead. Of 
the three autopsied, two were negative for 
macroscopic tuberculous lesions. One had 
a caseous mesenteric lymph node which 
failed to infect a guinea pig. Only one of 
the eight gave a positive family history, 
having lived from three to four months with 
his tuberculous mother, though isolated. 
During life it is impossible to tell whether 
the BCG or tuberculous infection is responsi- 
ble for the clinical syndrome, since either 
can provoke a positive tuberculin reaction. 
Inasmuch as nearly all the infants were not 
exposed to tuberculosis, it is impossible to 
determine the extent of protection by BCG. 
It is thus difficult to tell the degree of harm- 
lessness, danger or effectiveness of protective 
ingestion of BCG at birth—Obdservations 
denfants ayant ingéré du BCG pendant les 
premiers jours de la vie, P. Nobécourt and 
M. L. Kaplan, Arch. d. med. d. enf., October, 
1929, xxxit, 569.—(P. J. W.) 


BCG Vaccination in Animals.—Experi- 
ments designed to test the innocuity of 
BCG included the use of chickens, rabbits, 
guinea pigs and cattle. Six chickens inocu- 
lated each with 4.5 mgm. of BCG showed no 
sign of disease when examined,—two two 
months later and the remainder two years 
later. Six rabbits inoculated with same-sized 
dose did not develop any signs of tuberculosis 
up to two and one-half years after inoculation, 
when they were killed. Of 12 guinea pigs 
inoculated, one died at 30 months with 
chronic pericarditis; the other 11 were nega- 
tive to tuberculin and normal at autopsy. 
Of 36 guinea pigs given 5 mgm. of BCG one 
died one year later with generalized tubercu- 
losis, the lesions of which yielded tubercle 
bacilli and produced extensive tuberculosis 
when inoculated into other guinea pigs. 
The remaining 35 showed no signs of tubercu- 
losis. It is possible that this may have been 
an instance of spontaneous tuberculosis. 
One bovine animal 17 months old was 
inoculated with 25 mgm. BCG monthly for 
six months and when killed three months 
after last inoculation, was free from tuber- 
culosis. Further studies revealed the fact 
that guinea pigs inoculated intraperitoneally 
with BCG react to mammalian tuberculin 
for at least four months, but do not react 
to avian tuberculin. Old Tuberculin made 
from BCG is equal in potency to standerd 
tuberculin. This strain appears to be a 
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mammalian strain which, although losing 
its virulence, has retained its antigenic and 
tuberculogenic properties. One hundred and 
fifty guinea pigs were used in an experiment 
planned to test whether BCG conferred 
immunity. The experiment revealed the 
fact that a relative immunity is established 
which is greater than that established by 

injections of dead tubercle bacilli; but it is 
relative, for all the immunized animals 
developed a generalized, if delayed, tubercu- 
losis that was always fatal. Similar experi- 
ments in cattle showed but slight protection 
when the virulent dose was applied intra- 
venously, and slightly more when applied 
subcutaneously. It is clear that BCG has 
no value as a vaccine in cattle.—Studies 
Concerning the Calmette-Guerin Method of 
Vaccinating Animals against Tuberculosis, 
E. C. Shroeder and A. B. Crawford, J. Am. 
Vet. Med. Assn., April, 1929, lxxiv, (n. s. 
xavit), 773.—(H. S. W.) 


Immunization with BCG.—It has been 
demonstrated that the BCG vaccine is not 
completely avirulent for animals, but it is of 
a very low virulence. The mass vaccination 
of newborn children carried out in France is 
peroral, and these infants rarely become 
tuberculin positive. This is one of the 
reasons for the opinion that little has as yet 
been proved of the immunizing effect of 
peroral BCG vaccination. It has been 
reported that some children vaccinated 
subcutaneously developed tuberculin sensi- 
tiveness. If this should be constant, and 
the children do not suffer injury, this method 
of vaccination is to be preferred, and the 
author has experimented with intracutane- 
ous vaccination for about 18 months, in- 
oculating only those children whose parents 
or other relatives were tuberculous. If 
there has been the slightest chance of in- 
fection, the child should be given repeated 
tuberculin tests before inoculation; and this 
should not be done until the child has reacted 
negatively after 6 or 7 weeks hospital 
quarantine. Intracutaneous injection of 
from 0.1 to 3 mgm. of O. T. is preferable 
to the Pirquet test. After observation, 
tuberculin-negative children are inoculated 
in the outer surface of the thigh. Here a 
small nodule persists for several days, then 
disappears; a few weeks afterward, new 
infiltration appears, suppurates, perforates 
the cutis, and then heals spontaneously in 
from 6 weeks to 3 months. In certain 
cases, however, the author observed caseous 
degeneration and fistula-formation of the 
regional lymph nodes, with BCG demon- 
strated in the pus, proving that it does not 
always lie in the lymph nodes merely as a 
saprophyte, but is more virulent for man 


than was originally considered in France. 
These regional lymphomata probably did 
not harm the children, as they healed per- 
fectly in a few months, after curetting. 
Experiments as to proper dosage, however, 
showed that with a dose of 0.1 mgm. only 
one of 27 inoculated children developed 
regional lymph-node suppuration, and 25 
reacted positively to 1 mgm. of O. T., 

whereas much smaller dosages of BCG 
proved insufficient to produce allergy. 
There is a definite relationship between 
dosage and the incubation period in weeks. 
After 16 weeks the author has not as yet 
seen any infant become sensitive. In no 
case did tuberculin allergy develop when 
there was no demonstrable local reaction to 
inoculation. The majority who became sen- 
sitive showed suppuration of the primary 
focus. The regional lymph nodes were 
enlarged in several and all of these reacted to 
tuberculin. One child reéxamined one year 
after the onset of allergy, still reacted to 
1 mgm. of tuberculin. The author has so 
far seen 33 children become tuberculin 
reactors after inoculation, and the majority 
have since been living in their contaminated 
homes; he does not consider the vaccination 
successful unless there is a definite reaction 
to tuberculin, and until this time the child 
is kept free from exposure. Because the 
majority of children inoculated intra- 
cutaneously do not become reactors before 
from 5 to 7 weeks, it would seem that a 
quarantine period of only one month for 
perorally vaccinated children, as advocated 
by Calmette, is too short. Fluoroscopic 
examination every six months of the vac- 
cinated children in their contaminated 
surroundings, has so far failed to reveal any 
enlargement of the bronchial lymph nodes. 
Of 35 vaccinated children observed more 
than six weeks, 8 have had to be reinoculated 
before allergy occurred, the second dose 
being as large as the first. No suppuration 
of the regional lymph nodes developed after 
reinoculation, and the incubation period 
was the same as in children vaccinated only 
once. The reinoculation is made in the 
opposite thigh, and when suppuration begins 
here the original indolent nodule simulta- 
neously enlarges and at times suppurates. 
The author concludes that there exists a 
great individual variation in susceptibility 
in infants to the BCG virus. From observ- 
ing inoculation results from the same dose 
of BCG, when in some cases there is almost 
no infiltration and no allergy, and in others 
local abscess-formation, it also seems 
probable that the BCG can vary in virulence 
toa certain degree. These variations should 
be still greater in peroral vaccinations, since 
there is always uncertainty as to the amount 
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absorbed. Comparative experiments by the 
author with peroral administration of 30 
mgm. and intracutaneous inoculation of 
0.1 mgm. convince him as to the certainty, 
rapidity and ease of observation of the latter 
method in producing allergy, as compared 
with the uncertain results of the former 
method.—-Iniradermal Vaccinations with 
BCG Virus: Preliminary Note, A. Wall- 
gren, J. Am. M. Assn., December 15, 1928, 
xci, 1876.—(G. L. L.) 


Immunization with BCG.—Experi- 
ments in guinea pigs revealed irregular 
results from BCG bacilli, and the authors 
conclude from these experiments that BCG 
has no immunizing effect since all the ani- 
mals developed a severe generalized tubercu- 
losis and only one lived longer than the 
control.— Uber Immunisierungsversuche mit 
dem BCG-Stamm Calmettes. II Miit., H. 
Chiari, E. Nobel and A. Sole, Zeitschr. f. 
Tuberk., 1928, li, 354.—( H. J. C.) 


Immunization of Cattle with BCG.— 
It has already been demonstrated (by the 
authors) that a weakly virulent bovine 
tubercle bacillus does not protect cattle 
against naturally acquired tuberculosis when 
the latter had previously been inoculated 
intraperitoneally with one gram of the 
strain. The strain is known as tubercle 
bacillus no. 18. Calmette’s claims of pro- 
tective results from the injection of BCG 
are therefore surprising. In order to re- 
examine this question, 24 calves from four to 
six months of age were tested with tubercu- 
lin and used as follows in experiments: Six 
of these were given 100 mgm. of BCG ina 
10-cc. suspension. All developed a nodule 
as large as a walnut or larger at the site of 
inoculation in from three to fourteen days. 
This reaction was still present in three at 
the end of a year and was the size of a bean, 
but it had disappeared at the time of 
slaughter 15 months after inoculation. 
These animals showed no other reactions. 
A second lot of six was inoculated with 100 
mgm. of the relatively avirulent strain of 
tubercle bacillus no. 18 (which was isolated 
by v. Behring in 1902). This culture leads 
usually to regressive, healing disease but 
occasionally also leads to death. These ani- 
mals ran the same course of lymph-node 
enlargement, etc., as those injected with 
BCG. A third group of 6 animals was 
given intraperitoneal injections of one gram 
of culture no. 18. These never fell ill, and 
they grew normally. The fourth group 
embraced 6 normal control animals. Each 
group was exposed to three tuberculous 
cattle in intimate contact in rotation for 
10 months. Of the BCG group four 


eventually had evidence of lymph-node 
tuberculosis at autopsy and two were free 
of such evidence. The same is true with 
the lots of animals inoculated with 100 mgm. 
and those with one gram of strain no. 18. 
All the control anitnals developed tubercu- 
losis. It is clear from these’ experiments 
that the Calmette strain does not offer an 
absolute protection.—Vergleichende Schuts- 
impfungsversuche gegen Rindertuberkulose 
mit schwach virulenten Rindertuberkelbazillen 
(Kultur B.C.G. Calmette Guérin and Kultur 
T. B. 18 Uhlenhuth), Ulhlenhuth, Miiller 
and Hillenbrandt, Deutsche med. Wehnschr., 
September 13, 1929, lv, 1535.—(H. S. W.) 


Experiments with BCG in Cattle.— 
Sixty nontuberculous cattle were divided 
into three groups of twenty each. One 
group was inoculated with BCG, one with 
a suspension of killed tubercle bacilli, and 
the third with virulent tubercle bacilli for 
controls, Calves and cows were included 
in each group. After six months the ani- 
mals were kept in close contact with each 
other for one and one-half years, when 57 
per cent of the calves and 87 per cent of the 
cows in the BCG series had developed 
tuberculosis. This percentage closely paral- 
leled that of the control series. It appears 
from this that the Calmette strain conferred 
no immunity whatever upon the cattle into 
which it was introduced—A Two-Year 
Experiment with the “Calmette” Method of 
Vaccination, W. P. Larson, and W. A. 
Evans, J. Am. Vet. Med. Assn., March, 
1929, lxxiv, (n. s. xxvii), 581.—(H. S. W.) 


BCG Immunization.—The author is of 
the opinion, after careful study of the 
literature and after personal investigations 
and experiments, that BCG should be admin- 
istered to infants born to parents with open 
pulmonary tuberculosis. With further proof 
of the harmlessness and efficiency of the 
vaccine, it may be found that all newborn 
infants should be so vaccinated. The 
author’s experiments are corroborated by 
the experiments of practically all investi- 
gators; namely, that living bacilli are neces- 
sary to produce immunity through inocula- 
tion. He cites data in connection with the 
inoculation in 1909 of five children with 
increasing numbers of an attenuated human 
tubercle culture, of which 120 bacilli were 
necessary to infect a guinea pig. After 
twenty years these adults have no trace of 
tuberculosis. While some of the favorable 
reports emanating from Calmette and his 
coworkers have been severely criticized on 
the ground of inadequate control, it is a 
conspicuous fact that practically all inde- 
pendent reports coming from different 
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countries have been favorable to the use of 
BCG.—Immunization by Bacillus Calmette- 
Guérin, G. B. Webb, J. Am. M. Assn., 
November 9, 1929, xciit, 1459—(G. L. L.) 


Immunization of Monkeys with BCG. 
—Macacus rhesus monkeys were given immu- 
nizing injections of 30-50 mgm. of BCG 
subcutaneously without producing any 
particular reaction. Intracutaneous super- 
infection with virulent bovine or human 
tubercle bacilli, 34 to 46 days later, in the 
region of the eyebrow produced lesions 
(0.05 mgm. bovine) without tendency 
toward progression while the same lesion in 
nonimmunized a S was progressive. 
All the BCG-treated animals, in distinction 
to the controls, revealed absence of wide- 
spread tuberculosis in the internal organs. 
Histologically the local changes also differed 
from those in the controls. It is concluded 
that the BCG virus, which is harmless, pro- 
duces a definite immunity in monkeys.— 
Uber Immunititsstudien bet Affen nach 
Tuberkulose-Schutzimpfung mit BCG, F. 
Gerlach and R. Kraus, Ceniralbl. f. Bakt., 
I. Orig., 1929, cx, 179 and 187.—(H. J. C.) 


Virulence of BCG.—Massive injections, 
up to 25-500 mgm. BCG, into guinea pigs 
resulted in leucocyte-rich lesions which did 
not resemble typical tubercles and which 
attained a height of reaction after 20 days, 
completely disappearing in 5 months. The 
BCG strain could be isolated on artificial 
media up to 6 weeks after inoculation into 
animals, but it was innocuous when injected 
into guinea pigs. The application of cold, 
inhalation of sawdust, vitamine starvation, 
sanocrysin, diphtheria-toxin intoxication, 
mixed infection, and pregnancy during the 
18th to the 169th days after treatment 
subcutaneously with 25 mgm. BCG had no 
influence upon the type or course of the 
infection—Versuche an Meerschweinchen 
tiber die Virulenz des BCG-Stammes, Ins- 
besondere tiber die Frage der Beeinflussbarkeit 
dieser Virulenz durch methodische Schédig- 
ungen der Versuchstiere, L. Lange and K. 
W. Clauberg, Centralb. f. Bakt., I. Orig., 
1929, cx, 183 & 187—(H. J. C.) 


Tissue Cultures of BCG.—The infection 
of tissue cultures from 10 human embryoes, 
on rabbit plasma and embryonal extract, 
with BCG revealed no destruction of the 
tissue cells. There was inhibition of growth 
and destruction of the cultures of bacilli as 
well as an inhibition of the tissue growth by 
the bacilli. There occurred a phagocytosis 
of the BCG by wandering and tissue histio- 
cytes and syncytial giant cells of the Lang- 
hans type. On the other hand, virulent 


tubercle bacilli produced a rapid necrosis in 
the explant, while weakly virulent bacilli 
produced genuine tubercles and signs of 
degeneration, especially in the neighborhood 
of the bacillary colonies. Even in explants 
with leucocytes there was absent any evi- 
dence of a necrotizing action of the BCG on 
the agranulocytes. In this case there was 
also noted the formation of Langhans giant 
cells and phagocytosis of the rods by 
‘polyblasts” and “resting wandering cells.” 
—Ziichtung von Geweben und Leukocyten 
des Menschen mit Tuberkelbacillen Calmettes 
(BCG), A. D. Timofejewsky and S. W. 
Benewolenskaja, Virchow’s Arch., cclxviit, 
629.—( H. J. C.) 


Corneal Passage of BCG.—The proof 
of a perpetual loss of virulence of BCG has 
not been demonstrated. The solution of 
this problem is attempted by introducing 
the microérganisms into the cornea because 
its avascularity increases the possibility of 
the bacilli developing in an undisturbed 
fashion away from the protective powers of 
the body, and this tissue offers the advantage 
of bearing frequent observation. There was 
injected 0.001 to 0.000,01 mgm. into the 
cornea of rabbits and guinea pigs, a strain 
being used that was obtained directly from 
Calmette and a second strain secured 
indirectly. Both cultures gave parallel 
findings. With 0.001 mgm. specific changes 
were noticed after 10 days and they re- 
sembled those obtained with virulent tuber- 
cle bacilli, including infiltration that resulted 
in abscesses and perforation. Ziehl prepara- 
tions revealed numerous tubercle bacilli, 
which were cultivated in pure culture on egg 
medium from the lesion. The experiments 
revealed that passage at favorable intervals 
resulted in a more rapid development in 
subsequent animals.—Die Fortztichtung 
wenig virulenter Tuberkelbacillen, insbeson- 
dere des BCG, in der Cornea, O. Kirchner, 
Beitr. z. Klin. d. Tuberk., 1928, lxix, 181. 
—(H. J.C.) 


Protective Inoculation with Killed 
Tubercle Bacilli.—In 1924 quite a number 
of noninfected children who were living in a 
tuberculous environment were injected with 
doses of killed tubercle bacilli in the manner 
suggested by Langer. Originally the inocu- 
lations were done intracutaneously and 
were repeated. Later, single intramuscular 
injections of 0.3 cc. suspension were done. 
No signs of local or general reaction followed 
the intramuscular injection, which was 
applied to ambulant cases only. Strong 
tuberculin reactions developed in all in from 
one to five months. Allergy has continued 
for five years. Whether continuance of 
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allergy has come about from repeated 
infections from the homes or from the original 
inoculation with dead bacilli is open to 
question. Some of the children have shown 
a gradual weakening of allergy, but factors 
other than diminution of strength of the 
original injection may cause this. Before 
the question of whether allergy is associated 
with immunity can be answered, certain 
conditions such as the following must be 
fulfilled: (1) there must be sufficient duration 
of observation; (2) exposure of protected 
children to natural infection; (3) determina- 
tion of morbidity and mortality in vacci- 
nated and nonvaccinated children living 
under the same epidemiological and social 
conditions. One can not yet give a con- 
clusive answer because (1) the number of 
ill children and the time is insufficient, and 
the number of children suitable for such 
inoculations is much smaller than is generally 
thought; (2) parental objection or lack of 
codperation also prevents a_ conclusive 
answer. Since 1924, 44 children up to age 
six have been injected. Of these, 10 died of 
intercurrent diseases, the remaining were 
exposed in homes. All are free from tuber- 
culosis after an exposure of four years (four 
children), three years (six children), two 
years (eight children), one and one-half 
years (six children), one year (the rest). 
The children were examined, skin-tested, 
and X-rayed every six months, and only 
one (exposed continuously for one and one- 
half years to a diseased mother) showed any 
disease, and this was a small, early lesion in 
the X-ray plate. The child was asympto- 
matic. Results decidedly favor this method 
of protection, although the numbers are too 
small for statistical analysis. Langer’s 
method seems to protect children, especially 
in the first two years of life. Nonvaccinated 
children show a mortality rate which varies 
from 7 to 30 per cent and no dependable data 
are available because the degree of exposure, 
duration of illness, etc., are not always known 
and may vary a great deal. It will take 
years to be able to give definitely a com- 
parison between these treated and non- 
treated children— Weitere praktische Ergeb- 


 nisse mit der Tuberkuloseschutzimpfung nach 


Langer, I. Zadek and M. Meyer, Deutsche 
med. Wchnschr., September 27, 1929, lb, 
1630.—( H. S. W.) 


Vaccination with Killed Tubercle 
Bacilli.—In 1924 Langer first published the 
results of his inoculation experiments with 
dead tubercle bacilli on ten children whom 
he observed for a period of nine months. 
Inasmuch as dead bacilli cannot become 
virulent, Langer’s method is safer than the 
method of inoculation with BCG. That the 


dead bacilli can produce allergy was shown 
(Fedders) by the fact that in from twenty 
days to five months after their injection 
tuberculin tests become positive. Langer 
himself vaccinated 147 guinea pigs, and 
three months later inoculated 14 of them 
with live tubercle bacilli. Ten guinea pigs 
were used as controls. The controls died on 
the average within 3.55 months; the pre- 
viously vaccinated guinea pigs lived on the 
average of 6.52 months. More recently 
(Zadek and Meyer) 15 children were inocu- 
lated with dead bacilli, and after 2 months 
developed positive tuberculin tests, and 
after three years’ contact with open tubercu- 
losis have remained perfectly well.—Prof. 
Langer’s Method of Vaccination against 
Tuberculosis. A Review of the Recent 
Progress Made in Germany in Vaccinating 
Infants with Dead Tubercle Bacilli, B. M. 
Gasul, Arch. Pediat., July, 1929, xlvi, 459. 
—(P. J. W.) 


Formalin as Disinfectant in Tubercu- 
losis.—Small pieces of wool treated with 
tubercle bacilli were placed in a 1 per cent 
formaldehyde solution for two hours and 
then placed subcutaneously in guinea pigs. 
Sixteen animals thus treated remained free 
from tuberculosis while all the controls died 
of severe disease: The resistance of tubercle 
bacilli in moist sputum towards formalde- 
hyde water vapor is limited to the use of 
high formaldehyde concentration. At a 
temperature of 62°%-63° virulent tubercle 
bacilli lost their infectiousness in two hours 
while 58°-60° required three hours.—Disin- 
Sektion mittels Formaldehyd in wisseriger 
Lisung und in Damp form bei Tuberkulose, 
E. Bergin, Zeitschr. f. Tuberk., 1928, li, 306. 
—(H. J.C.) 


Development of Pulmonary Tubereu- 
losis.—This disease has usually been de- 
scribed as being of a slow, insidious onset, 
with cough, haemoptysis, indefinite malaise, 
night-sweats, an intermittent low-grade 
pyrexia, and progressive loss of weight as the 
chief symptoms. It has also been thought 
almost invariably to have its initial lesion 
in the apical region. During recent years a 
great deal of evidence has been adduced to 
suggest that the old teaching is often 
erroneous, and that the disease is by no 
means always insidious; neither is the initial 
lesion always situated in the apical region. 
A series of eight cases are submitted as 
illustrations of “early infiltration.” The 
salient points in these cases are (1) the onset 
is definite, and often acute; (2) physical 
signs are present below the clavicle, the 
only constant sign being crepitations; (3) the 
radiological appearance is of an area of 
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infiltration, varying in size from 2 to 10 cm. 
in diameter, and situated in the infraclavicu- 
lar region; and (4) the general condition of 
most patients is extremely good. The lesions 
should not be mistaken for acute broncho- 
pneumonic phthisis. In such cases the 
patient is usually, if not always, extremely 
ill. Early infraclavicular infiltration may 
spread to involve the apical region or may 
heal within a few months to leave only a 
small scar.—The Development of Pul- 
monary Tuberculosis, with Special Reference 
to “Early Infiltration,” H. V. Morlock, 
Lancet, July 13, 1929, ccxvii, 60.—(H. 
McL. R.) 


First Stage of Tuberculosis.—The 
author views tubercle-formation as having 
a preliminary inflammatory stage, and in 
support of this he points to the perivascular 
lymphatic nodules in the guinea pig’s lung 
which he noted in intravenously infected 
animals. He designates these as inflam- 
matory accumulations of cells without giant- 
cell formation and without necrosis, but 
revealing tubercle bacilli. Likewise he 
notes the small areas in the guinea pig’s 
liver, designated as inflammatory foci, 
which have become partly necrotic and 
which demonstrate the transition from 
inflammation to necrosis. In the areas of 
necrosis tubercle bacilli were found. In 
addition, a specimen of phthisical lung 
examined indicated, according to the author, 
the chain of evidence for considering that 
tuberculosis begins as an ordinary inflam- 
mation followed by necrosis and finally 
accounting for the protracted course of the 
tuberculous structure—Das erste Stadium 
der Tuberkulose, F. Jessen, Beitr. z. Klin. d. 
Tuberk., 1928, lxix, 188.—(H. J.C.) 


Tuberculous Chests.—Studies were 
made to determine the contour of the nor- 
mal and the tuberculous chest. The aver- 
age length-width index was 78.4 per cent in 
the normal chests of 443 students. In a 
series of 184 tuberculous men, the length- 
width index was 77.1 per cent. The tuber- 
culous chest appears to be deep, round and 
narrow and the healthy chest tends to be 
flat and wide——Further Observations on the 
Contour of Normal and of Tuberculous 
Chests, S. A. Weisman, Arch. Int. Med., 
July, 1929, xliv, 29.—(W. I. W.) 


Pathogenesis of Pulmonary Tubercu- 
losis.—The author, in spite of the more 
modern teachings, prefers to use the term 
apical tuberculosis for the value this may 
give. Many of the early cases of tuberculo- 
sis show physical signs in the apical region 
and thus urge early treatment. He believes 
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it impossible to distinguish two types of 
development of the tuberculous reinfection. 
There are many vague conditions related 
to the apical and early infiltrations which 
may confuse the issue——Zur Pathogenese 
der Lungentuberkulose, O. Pischinger, Beitr. 
z. Klin. d. Tuberk., 1928, Ixix, 133.— 


Ranke’s Classifications.—The author 
sketches anew the Ranke teachings, and 
points out that the course of the tuberculosis 
and the reaction of the organism are not 
always regularly determined by the relation 
of the first infection. The fact that the 
allergic course can take a reverse route 
indicates that nonspecific intercurrent fac- 
tors can be of significance. The individual 
constitution of certain groups of non- 
infected individuals also accounts for the 
acute and childhood forms of secondary 
tuberculosis. The biological change does 
not always determine the course and fate of 
tuberculosis but this is rather associated with 
the constitutional transition which may be 
hereditary.—Zur Stadienlehre K.E. Rankes, 
K. Lydtin, Zeitschr. f. Tuberk., 1928, li, 23. 
—(H. J.C.) 


Genesis of Early Infiltration.—Atten- 
tion is focused upon two questions in the 
determination of the genesis of the early 
infiltration and the origin of chronic pul- 
monary tuberculosis. The first calls atten- 
tion to the fact that the origin of chronic 
pulmonary tuberculosis is most frequently 
to be sought in a massive earlier infection 
upon which a superinfection acts in an 
allergic fashion, and {that the pneumonic 
infiltrate develops from a slowly spreading 
focus. Against the view that the infra- 
clavicular infiltration indicates an unques- 
tioned superinfected massive inhalation 
seeding is the fact that the usual aspiration 
deposits are located in the middle and lower 
lung portions and reveal themselves as 
fibrous proliferative formations.— Beitrag 
zur Frage nach der Genese des Friihinfiltrats 
und des Ursprungs der chronischen Lungen- 
tuberkulose, E. Fraenkel, Zeitschr. f. Tuberk., 
1928, li, 34.—( H. J. C.) 


Significance of Early Pulmonary In- 
filtration.—An extensive study of 4,172 
roentgen films revealed 137 apical tubercu- 
losis and 390 early infiltrates. Among the 
390 early infiltrates there were only 192 
fresh processes. The early infiltrate is con- 
sidered more important as initiating pul- 
monary tuberculosis than the apical condi- 
tion. Many of the earlier observations 
concerning the early infiltrate are verified.— 
Die Bedeutung des Friihinfiltrates fir die 
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Klinik der Lungentuberhulose des Erwach- 
senen und ihre Fiirsorge, G. Frischbier and 
H. Beckmann, Zeitschr. f. Tuberk., 1928, lit, 
141.—(H. J. C.) 


Early Infiltration.—In search of the 
early infiltration the author examined about 
5,000 individuals considered suspicious of 
early tuberculous disease. Only 15 cases 
of early infiltration were found, most of 
them tending toward progression. It is con- 
cluded that the early infiltration is a very 
transient manifestation, with a focus that 
rapidly liquefies or rapidly disappears, and 
the more stabilized older tuberculous foci 
are therefore more frequently found. The 
importance of the X-ray in finding such 
cases and serial examinations of groups of 
people are stressed.—Auf der Suche nach 
dem Friihinfiltrat, H. Zeitschr. f. 
Tuberk., 1928, li, 1—(H. J. C.) 


Incipient Tuberculosis.—Infraclavicu- 
lar infiltrations are usually considered to 
occur in previously infected individuals. 
But this is not always the case. The author 
has shown in previous communications that 
in his material in Norway a majority of indi- 
viduals acquire tuberculin allergy between 
the ages of 15 and 25. The present report is 
based on studies on 581 young women who 
entered a nurses’ training school since 
January, 1924. Of 282 tuberculin-positive 
persons, five developed tuberculous disease 
(2 pleuritis, 3 erythema nodosum); of 299 
tuberculin-negative nurses, 66 developed the 
disease (12 pleuritis, 15 erythema nodosum, 
13 erythema nodosum and pulmonary in- 
filtration, 4 erythema nodosum and pleuri- 
tis, one erythema nodosum and pulmonary 
tuberculosis, 15 pulmonary infiltration, 5 
pulmonary tuberculosis and one costal 
caries). In all the _tuberculin-negative 
nurses, no serological or roentgenological evi- 
dence for a tuberculous infection could be 
found. Three patients are reported some- 
what in detail; they all developed the 
roentgenological evidence of pulmonary 
infiltrations one to three months after start- 
ing work in the tuberculosis department. 
It is concluded that a latent infection in 
childhood is only “very rarely” the cause of 
tuberculous disease at early adult life. 
Active tuberculosis is usually the immediate 
result of a primary infection. The first 
manifestation is frequently a primary infiltra- 
tion of the lung and it may appear as infra- 
clavicular infiltration. Erythema nodosum 
and pleuritis are commonly manifestations 
of the primary tuberculous pulmonary 
infiltration — Tuberculosis Incipiens, J. 
Heimbeck, Klin. Wehnschr., June 25, 1929, 
xii, 1206.—(M. P.) 


Apical Tuberculosis.—Roentgenographs 
were examined in 1,000 cases of pulmonary 
tuberculosis over a period of five years, and 
the observations correlated with the clinical 
history and course of the disease in each 
case. In 107 cases the earliest localization 
was in the infraclavicular region, and in 
60 cases above the clavicle. It was found 
that 31.7 per cent of patients with apical 
lesions survived ten or more years after the 
first symptoms of the disease appeared; 
some even more than twenty years. In the 
infraclavicular group, only 1.8 per cent lived 
that long. One out of three with apical 
lesions survived more than five years, as 
against one out of ten with infraclavicular 
infiltrations. Careful histories revealed that 
30 per cent of those with infraclavicular 
lesions felt sufficiently ill to seek medical 
advice before they reached the age of 20, 
as against only 13 per cent of those having 
apical lesions. Only 11 per cent of the 
former group noted the first symptoms after 
the age of 35, as against 32 per cent with 
apical lesions. Open tuberculosis was found 
in only 15 per cent of apical, as against 
66.4 per cent of infraclavicular lesions. 
Patients with apical tuberculosis generally 
have less marked constitutional symptoms, 
especially fever. Bleeding occurs in both 
groups, but those with lesions below the 
clavicle are more apt to bleed copiously. 
The conclusion is inevitable that apical 
tuberculosis usually has a benign course, and 
in many cases there is no need for prolonged 
and costly treatment, whereas infraclavicular 
tuberculosis is of greater clinical significance 
and requires immediate attention.— The 
Benign Course of Apical Tuberculosis, M. 
Fishberg and A. Shamaskin, J. Am. M. 
Ass., July 13, 1929, xciti, 108. —(G. L. L.) 


Apical and Subapical Tuberculosis.— 
Of the 60 to 90 per cent of tuberculous foci 
observed in routine necropsies, 30 to 60 per 
cent are found to have been obsolete. The 
problem has been to differentiate these be- 
nign lesions from the numerous others that 
are progressive. Lesions limited to the apex 
of the lung only exceptionally develop into 
active and progressive disease. Those le- 
sions which are responsible for the initial 
symptoms of the disease are located below 
the clavicle, while the apices remain free 
from pathological lesions for some time. 
Among the patients at the Bedford Hills 
Sanatorium, less than 2 per cent with sub- 
apical lesions had been sick for ten years or 
more, as against 32 per cent of those with 
apical lesions. The main contingent of 
progressive cases, leading to serious illness 
and ultimately to a fatal issue, is derived 
from the subapical group.—Apical and 
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Subapical Tuberculosis, J. M. Fishberg, 
Brit. M. J., August 24, 1929, no. 3581, 
331.—(W. I. W.) 


Fatal Sequellae of Apical Tuberculo- 
sis.—Four patients are briefly reviewed who 
had the physical signs of a healed tubercu- 
lous process in one apex. They all developed 
rapidly fatal pulmonary disease following a 
small haemorrhage apparently caused by 
strenuous physical exercise. Two of the 
patients died of diffuse bronchopneumonia, 
and two of miliary tuberculosis. It is con- 
cluded that haemorrhages in _healthy- 
appearing individuals are always caused by 
tuberculous processes, frequently in the 
right apex, and that patients with such 
lesions should be warned against physical 
exertion.— Lungens pitzentuberkulose, Jahre- 
lang latent Geblieben, Kann unter Ums- 
tinden plotzlich lebensgefihrliche Folgen 
haben, C. Baéumler, Klin. Wehnschr., August 
6, 1929, viii, 1493—(M. P.) 


Acute Infraclavicular Focus.—The 
author reports on 6 cases of infraclavicular 
tuberculosis originating from progressive 
phthisis at the apex. He concludes that the 
development of the acute infiltration from 
an apical focus can be demonstrated, and 
that a caseous pneumonic focus with a 
parafocal inflammatory reaction is the basis 
of the infiltration—Zur Frage der akuten 
Form der Lungentuberkulose, A. Brecke, 
Zeitschr. Tuberk., 1928, li, 97.—( H. J. C.) 


Non-Apical Adult Phthisis.—The au- 
thor reports on 21 cases observed during the 
past three years of beginning adult tubercu- 
losis aside from that occurring in the apices. 
The diagnosis can only be made in most 
cases by roentgen examination, since the 
clinical symptoms are frequently only slight. 
The prognosis appears to be good in most 
cases. The development of apical tubercu- 
losis from infraclavicular foci is significant. 
The “early infiltrates” are viewed as a rein- 
fection which can be exogenous as well as 
endogenous. In most cases they occur 
during the second-stage allergy. The early 
infiltrations become fibrotic fields or they 
tend to liquefy and seed into daughter 
lesions. Treatment consists in the pro- 
tection against all stimulation and the use of 
collapse therapy in cases in which there is no 
retrogression or liquefaction of lesions. 
Early sanatorium treatment is advised.— 
Zur Diagnose, Prognose und Therapie der zu 
Beginn und im Verlauf der Erwachsenen- 
Phthise ausserhalb der Lungenspitzen auftre- 
tenden isolierten Krankheitsherde, J. E. 
Kayser-Petersen, Betir. 2. Klin. d. Tuberk., 
1928, lxix, 10.—(H. J.C.) 


Tuberculosis of Lower Lobes.—While 
involvement of the lower lobe alone in pul- 
monary tuberculosis is not very common, it 
is not as rare an occurrence as once thought. 
Laennec was of the belief that in most, if 
not all, cases of pulmonary tuberculosis the 
primary lesion is in or near the apex. The 
general opinion has also existed that the 
development of the lesion is downward. 
More recently it has been pointed out that 
tuberculous lesions may have their origin in 
the lower lobe and progress upward. Several 
theories are given briefly as to why the 
primary lesion in pulmonary tuberculosis 
develops in one locality or another. It is 
suggested that perhaps lower-lobe tubercu- 
losis develops following the rupture of a 
tuberculous hilum node into a bronchus or a 
large blood-vessel, with resulting massive 
infection of the lower lobe. This type of 
disease is regarded as ‘‘a juvenile type of 
puimonary tuberculosis in an adult.” It is 
also asserted that lower-lobe tuberculosis is 
usually of an exudative type with a tend- 
ency to caseation and excavation. Apical 
involvement is thought more benign in its 
behavior, with a greater tendency to heal, 
not by excavation, but by fibrosis. Two 
cases of lower-lobe tuberculosis healed by 
artificial pneumothorax are reported. Con- 
clusions: Lower-lobe pulmonary _tubercu- 
losis without apical involvement is a rare 
condition. The clinical course and the 
pathological and X-ray findings of this con- 
dition are analogous to those of the juvenile 
type of the disease. Waiting for positive 
sputum, although essential in confirming the 
diagnosis, might endanger the patient’s 
chance of recovery. The treatment par 
excellence is artificial pneumothorax, if insti- 
tuted early in the disease-—Lower Lobe 
Pulmonary Tuberculosis, M. Jacob, Med. 
J. & Rec., January 2, 1929, cxxix, 32.— 
(H. McL. R.) 


Lower-Lobe Bronchogenic Phthisis.— 
There are certain forms of bronchogenic 
phthisis, or the phthisis fibrocaseosa Neu- 
mann, which start in the tips of the lower 
lobe. These forms are difficult to deter- 
mine by physical methods and the ordinary 
dorsal-ventral X-rays do not give exact 
pictures, since the infiltration of the lower 
lobe appears to originate from the hilum. 
On the basis of section and roentgen pictures 
the author assumes that the lower-lobe 
process is a primary one. These primary 
lower-lobe conditions appear to heal sponta- 
neously and if cavity-formation has occurred 
they remain stationary for a long time. 
The majority of cases, if untreated, have a 
serious prognosis since the material can 
spread apicalward to the undiseased or 
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diseased side. The preferred treatment is 
pneumothorax.—Uber die Formen der bron- 
chogenen Phthise mit Beginn im Unterlappen, 
R. Pohl, Beitr. 2, Klin. d. Tuberk., 1928, 
lxix, 229.—(H. J. C.) 


Basal Tuberculosis.—Basal pulmon 
tuberculosis is frequently associated wi 
tuberculous lesions elsewhere in the body. 
Forty-four cases are reported; 34 of these 
patients are dead. Autopsies were per- 
formed on 17, and they all had extrapul- 
monary tuberculous lesions.—Basal Tuber- 
culosis, K. Dunham and V. V. Norton, 
Am. J. Roentgenol. & Rad. Ther., May, 
1929, xxi, 459.—(W. I. W.) 


Liquefaction in Tuberculosis.—Rémer 
was the first to draw attention to the réle 
which allergy plays in the process of lique- 
faction; he described the production of many 
small cavities in superinfected animals. It 
has been claimed since that they occurred as 
consequence of the very small dose in the 
first infection and that they were independent 
of allergic phenomena. It was attempted 
to arrive at a solution of the problem by 
implanting caseous tissue from human 
bodies subcutaneously in normal and in 
allergic animals. The implanted tissue was 
removed 5 and 10 days after implantation. 
After 5 days the implanted tissue was well 
preserved in the normal animals, but sur- 
rounded by pus; in the allergic animals, it 
was white, shrunken and pus-like in ap- 
pearance. In the former case the only 
alteration was a marginal leucocytic infiltra- 
tion. In the latter case the entire trans- 
plant was massively infiltrated by pus cells. 
The only indication of liquefaction in the 
normal animals was represented by small 
areas in which tubercle bacilli had apparently 
proliferated. The centres of liquefaction 
in the allergic animals showed dense leuco- 
cytic accumulations around groups of 
tubercle bacilli. It is, then, possible to dis- 
tinguish two types of liquefying processes in 
tuberculosis: the normergic type, character- 
ized by local proliferation of tubercle bacilli; 
and the allergic type, characterized by leuco- 


‘cytic infiltrations, regardless of the local 


number of bacilli—Zum Wesen der tuberku- 
losen Erweichung, W. Pagel, Klin. Wchnschr., 
July 16, 1929, viii, 1352.—(M. P.) 


Tuberculous Cavities.—Before the 
formation of the so called classical cavity, 
the tuberculous lesion passes through suc- 
cessive phases which one may define as 
different degrees of evolution. ‘Two of these 
phases are sufficiently characteristic from the 
anatomical standpoint and are stabilized 
over a long enough period to constitute a 


separate clinical entity, each with its own 
individual symptoms. The first phase is 
characterized radiographically by an indis- 
tinct circular outline with a blurred interior. 
It is marked clinically by an absence of 
expectoration. The second phase is char- 
acterized by the appearance of a well-defined 
annular shadow, and is accompanied by the 
expectoration of mucopurulent material con- 
taining tubercle bacilli. Anatomically the 
walls are composed of soft pulmonary tissue. 
By the third degree, or phase, is meant a 
cavity of larger dimensions, appearing radio- 
graphically perhaps as a clear circle and 
anatomically characterized by thick fibrous 
walls isolating the cavity proper from 
surrounding tissues. The importance of 
recognizing different degrees of cavity lies 
in the dissimilar modes of healing and the 
difference in the type of treatment indicated. 
Healing in the first phase may take place 
either by “resolution” or by fibrous absorp- 
tion. Cavities of the second degree may also 
heal rapidly without leaving any visible 
trace, but in the third degree healing is 
possible only by shrivelling of the walls of 
the cavity, by encystment, obstruction, 
calcification, or by complete fibrous absorp- 
tion of the infected region. First-degree 
cavities do not as a rule demand artificial- 
pneumothorax treatment, while this form of 
therapy is nearly always required for those 
of the second degree. The cavity of the 
third degree has walls that are resistant to 
pneumothorax, and usually better results 
are obtained with thoracoplastic operation.— 
A Medical and Radiological Study of 
Tuberculous Cavities, M. Jaquerod, Brit. 
J. Tuberc., July, 1929, xxiii, 123.— 
(H. McL. R.) 


Cavities in Pulmonary Tuberculosis. 
—The authors present a series of case re- 
ports in which, following phrenicectomy, 
there was an unusually rapid decrease in 
size or a disappearance of unmistakably 
diagnosed cavities more than 3 cm. in 
diameter, of long standing in pulmonary 
tuberculosis, and otherwise resisting every 
attempted form of therapy. Among other 
general indications for phrenicectomy is 
listed bilateral tuberculosis in which pneumo- 
thorax or thoracoplasty entails too much 
risk, and in which extensive disease on one 
side can be active and on the other side 
stationary or slightly active, particularly 
when the lesion cn the less involved side is 
being fed by an upper-lobe cavity of the 
other lung. A crushing of the phrenic nerve 
is advocated in this type of case. The 
removal of the piston-like motion of the 
diaphragm is an important result of the 
phrenicectomy. The localization of the 
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lesion, apical or basal, is of far less im- 
portance than the ability of the lung to 
retract spontaneously, this being borne out 
by the unusual disappearance of upper lobe 
cavities. The cases reported show this 
regardless of the stage and degree of activity 
of the process, and there is also an impressive 
clearing of the disease in the opposite lung, 
in one case including almost complete dis- 
appearance of a large cavity. Generalized 
adhesions and an immobile and already 
raised diaphragm should not contraindicate 
operation, as in many such cases further 
marked elevation of the diaphragm occurred, 
due to good retractile capacity of the lung. 
Phrenicectomy in a large percentage of the 
results, however, in a series of more than 
40 cases, caused little or no improvement.— 
Cavities in Pulmonary Tuberculosis: Rapid 
Contraction of Upper and Lower Lobe 
Cavities with Phrenicectomy, E. Mayer and 
H. Leetch, J. Am. M. Ass., July 27, 1929, 
xciit, 272—(G. L. L.) 


Form and Size of Early Cavity.—The 
early cavity tends to a regular round or oval 
form, even though it is not to be considered 
that the liquefaction of a lesion occurs regu- 
larly in all portions of the walls. The 
elasticity of the lung and the negative 
pressure in the pleura tend to fill out this 
space. The theory expounded is elu- 
cidated by the author with the aid of elastic 
rubber rings and mathematical formula.— 
Uber Form und Grosse der Friihkaverne, D. 
Reinders, Zeitschr. f. Tuberk., 1928, li, 
438.—(H. J.C.) 


Observations on Pulmonary Shrink- 
ing.—The author verifies the experimental 
studies of Schlaepfer on the same subject 
and extends his observations on the mech- 
anism of pulmonary contractions. The most 
marked pulmonary contraction occurs ex- 
perimentally after a coincident tying of the 
branches of the pulmonary artery and the 
veins going to the heart. This procedure, 
however, produces severe lethal tissue 
changes in the involved lung areas with 
widespread anaemic infarcts, on account of 
the lack of collateral circulation due to the 
interruption of the branches of the bronchial 
arterial system. A like amount of fibrosis 
without danger to life is achieved by em- 
bolic closure of the pulmonary vessel and 
tying of the heart veins. The tying of the 
veins to the heart results in connective-tissue 
proliferation, but of variable grade, depend- 
ent upon the reserve blood-flow. The 
anatomical clinical results of pulmonary 
contraction is met in the lung by means of a 
local emphysema and secondary bronchiec- 
tatic formations with compensatory vicari- 


ous emphysema in the healthy lung tissues. 
It is concluded that only in certain forms of 
bronchiectasis can the tying of the pul- 
monary-artery branches be of value. Coin- 
cident tying of the arteries and veins is 
advised against on account of the severe 
nutritive disturbance occasioned. Under 
certain circumstances the tying of the vein 
alone may be considered.—Pathologisch- 
anatomischem, klinische und experimentelle 
Untersuchungen tiber Lungenschrumpfung, 
F. Krampf, Zeitschr. f. Tuberk., 1928, 
li, 35.—(H. J.C.) 


Connective Tissue in Pulmonary 
Tuberculosis.—The author gives three 
classes of connective-tissue formation in 
pulmonary tuberculosis. His classes are 
(1) a dense compact sclerosis, with rich 
vascularization resembling the atrophic 
sclerosis of Letulle; (2) nodular fibrosis (the 
insular sclerosis of the French, and the 
acino-nodose tuberculosis), and (3) the ring- 
form fibrosis (capsule-formation predom- 
inantly around exudative foci). Clinical 
and biological correlations with these types 
are not believed possible.—Uber die Verteil- 
ung und den Ursprung des Bindegewebes 
bet der Lungentuberkulose. (Beitrag sum 
Studium der tuberkularen Lungentuberku- 
lose), A. Sega, Beitr. 2. Klin. d. Tuberk., 
1928, lxix, 403.—( H. J. C.) 


Bone-Formation in Lungs.—Primary 
bone-formation in pulmonary tissue, that 
is, not in tuberculous foci, has been de- 
scribed in the literature to occur in three 
different forms: tuberous, reticular and 
diffuse. It is quite possible that these three 
types represent only three different develop- 
mental stages of the same process in the 
order of chronology as mentioned above. 
Three cases of bone-formation are reported. 
The first instance was found in a woman, 53 
years of age, who had a bilateral, diffuse 
bronchopneumonia in the lower lobes, 
arteriosclerosis and dilatation of the heart. 
Incidental findings were a psammoma of the 
sphenoid bone and an osteoma of the 
cerebral falx. Below the grossly normal 
pleura of the right lung, three nodules, the 
size of a pea, were found; they consisted of 
true bone tissue. In a man, 60 years old, 
who had died of rectal carcinoma with 
multiple metastases, hard, bony bars, 2 mm. 
thick, were seen in the left lower lobe. 
Otherwise, the lung was normal. Similar 
bony bars were observed in the case of a 
53-year-old woman who had an extensive 
pulmonary tuberculosis with multiple ex- 
cavation. The histological picture of the 
second case was as follows: The pulmonary 
parenchyma shows emphysema and a slight 
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amount of anthracosis. There are multiple 
islets of connective tissue in the inter- 
alveolar and interlobular septa. In some of 
these islets ossified foci are present. The 
bony centres are surrounded by osteoid 
tissue. Some of the bone tissue contains 
marrow, both of the fatty and the cellular 
variety. In the third case, the histological 
picture is somewhat complicated by the 
presence of tuberculous foci which occa- 
sionally have eroded the bone; otherwise the 
condition is the same as that in the second 
patient. The first case shows the same 
structure, too, but the smooth musculature 
is definitely increased in volume. A tuber- 
culous aetiology of these bone formations 
can be ruled out by the fact that they were 
not associated with necrotic foci. The 
pathogenesis of such bones is much dis- 
cussed. Since no inflammatory signs could 
be detected, the author believes that they 
are due to abnormal development of mesen- 
chymal tissue.— Ueber Knochenbildungen in 
der Lunge, Brackertz, Centrbl. f. allg. Path. u. 
pathol. Anat., April 20, 1929, xlv, 129.— 
(M. P.) 


Origin and Course of Adult Phthisis. 
—In reviewing the total material for the 
year 1927, consisting of 800 roentgeno- 
graphs, there were found 123 which, aside 


from the healed primary complex, revealed 
no other disease. Of the remaining 677 
with actual pulmonary disease 270 showed 
widespread cavernous forms, and, of these, 
156, or more than half, had practically 
healthy pulmonary apices roentgenologically. 
The remaining 114 showed equal disease 
above and below the clavicle, so that the 
origin of the disease could not be deter- 
mined. Pure pulmonary apical tuberculosis 
was found 51 times, and of these there were 
6 cases of isolated apical cirrhosis with 
cavity. Typical fresh infiltrations and 
fresh exudative processes were found 49 
times, 11 of them in the vicinity of the pul- 
monary apices. Twenty-two of the 49 
showed fibrous or calcareous foci, in addi- 
tion to fresh infiltration, and in 10 cases the 
fresh infiltration was deposited around 
older lesions. This is viewed as proof that 
it did not originate as an exogenous super- 
infection. Of the total material 119 X-ray 
pictures revealed a nodose-productive re- 
action.— Bemerkungen zur Frage der Ent- 
stehung und des Ablaufes der Lungenphthise 
des Erwachsenen, H. Spencker, Beitr. 3. 
Klin. d. Tuberk., 1928, lxix, 625 —( H.J.C.) 


Origin of Tertiary Pulmonary Tuber- 
eulosis.—The author’s experience as a result 
of the study to determine whether phthisis 
originates from an acute or a chronic condi- 


THE AMERICAN REVIEW OF TUBERCULOSIS 


tion and the fate of the cases of apical tuber- 
culosis led to the conclusion that apical 
tuberculous conditions rarely progress and 
that open phthisis generally has an acute 
origin.—Uber die Entstehung tertidrer Lun- 
gentuberkulose, F. Hochstetter, Zeitschr. f. 
Tuberk., 1928, li, 101.—(H. J. C.) 


Epituberculous Infiltration in Adult. 
—The development of the clinical and 
anatomical picture of the so called epituber- 
culous infiltration is considered, and 6 cases 
personally observed are reported, one a fatal 
case of diabetic coma. The differential 
diagnostic difficulties between exudative 
tuberculosis and epituberculous infiltrates 
is given consideration, and it is pointed out 
that very frequently only the course or the 
result of pneumothorax treatment will 
differentiate them.—Zur Frage der soge- 
nannten epituberkulésen Infiltrationen bei 
Erwachsenen, T. Sonnenfeld, Beitr. 2. Klin. 
d. Tuberk., 1928, lxix, 209.—(H. J. C.) 


Band-Form Disposition of Pleural 
Exudate.—Among 4,000 cases of pul- 
monary tuberculosis the authors report 3 
patients in whom they observed the band- 
form vertical disposition of the pleural 
exudate extending from the clavicle to the 
diaphragm, and resulting, at the conclusion 
of a closed spontaneous or artificial pneumo- 
thorax, in a serofibrinous or seropurulent 
pleurisy. It is believed that the retro- 
gression and disappearance of the pleuritis 
and subsequent expansion of the lung leads 
to the existence of the conditions necessary 
for this type of pleuritis—Die Bandfirmige 
Vertikallagerung des Pleuritis-exsudates als 
Resultat einer umfangreichen Pneumopleuri- 
tis, B. A. Wolter and A. N. Krewer, Beitr. 
z. Klin. d. Tuberk., 1928, Ixix, 482.— 
(ZH. J. C.) 


Retrograde Lymphatic Infection.—The 
author reports 8 cases of regressive specific 
lobar pneumonia in tuberculous children, 
which were studied clinically and roent- 
genologically, and 2 of them examined at 
autopsy. There was a definite relation be- 
tween the condition and that of the hilum 
lymph node, which led the author to believe 
in a retrograde lymphatic affection of the 
lung tissue——Regressive spezifische lobére 
Pneumonien bei tuberkulisen Kindern im 
frithren Kindesalter, J. S. Leitmann, Beitr. 
z. Klin. d. Tuberk., 1928, Ixix, 606.— 
C,) 


Juxtafissural Lesions in Pulmonary 
Tuberculosis.—Sergent and Durand have 
long since called attention to the importance 
of “‘fissuritis”’ and ‘‘perifissuritis” in the 
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course of pleuropulmonary tuberculosis and 
of fissural limitation of tuberculous pul- 
monary processes. Lobar tuberculosis is by 
no means confined to the right upper lobe, 
nor does it invariably assume the fibro- 
sclerotic type described by Bernard and 
Bethou. It may develop under any patho- 
logical form,—caseous, exudative, cavitat- 
ing, fibrous, and in any lobe. Left lobar 
tuberculosis, however, is more apt to go 
unrecognized because of the angle of contact 
of the two lobes. Especially may roentgeno- 
graphs in the anteroposterior plane be mis- 
leading. Here teleoroentgenography is of 
great value. Finally, if one has recourse to 
artificial pneumothorax, after a few insuffla- 
tions the lobes separate and are seen in- 
dividually if there is no symphysis. In 
speaking of juxtafissural foci, the juxtafis- 
sural location of the lesion is not necessarily 
implied, but also often an intrafissural lesion 
or interlobar pleurisy. The term “focus of 
the fissural region” is more comprehensive, 
and in fact the diagnosis of interlobar 
pleurisy is too much abused. No doubt 
interlobar pleurisy does occur in the tuber- 
culous but it is much rarer than juxtafissural 
pulmonary foci. The two processes may 
also be associated and often the pleura in 
the vicinity of a large cavity undergoes a 
dense corticopleuritis. In referring to the 
lobes of the’left lung it seems preferable 
.to call them anterosuperior and postero- 
inferior. If a juxtafissural focus belongs 
to the upper, or anterosuperior, lobe, it will 
give stethoscopic signs in front of the fissure; 
if to the lower, or posteroinferior, behind the 
fissure. This principle can be best illus- 
trated in the lateral or axillary region. In 
the case of the pulmonary dome, a juxta- 
fissural focus situated in the upper part of 
the anterosuperior lobe, will give stetho- 
scopic signs corresponding to the apical 
projection of the pulmonary dome, that is, 
demonstrable in the supraspinous fossa and 
the anterosuperior part of the axilla; one 
located in the posteroinferior lobe will give 
signs demonstrable in the lateral part of the 
subspinous fossa and the posterior axilla. 
In the case of the base, a juxtafissural focus 
in the lower part of the anterosuperior lobe 
will give signs in the submammary region; 


one in the lower part of the posteroinferior | 


lobe will be manifest in the lower antero- 
lateral part of the chest, above the di- 
aphragm. What are the characteristic phys- 
ical signs? A zone of dulness on percussion 
is most characteristic, indicating either pul- 
monary density, fluid, or pleural thickening. 
Occasionally, in the presence of deep-seated 
foci, this sign is lacking. Inspection may 
reveal diminished excursion of the hemi- 
thorax. On palpation over the fissure it is 


common to elicit pain, if it is not already 
present, due to the localized inflammatory 
reaction. Exaggeration of vocal fremitus 
in the form of a band is also common, and 
pleural friction may be determined by palpa- 
tion. The auscultatory signs are significant 
principally when their distribution follows 
that of the band or zone of dulness. Juxta- 
fissural foci of the anteroinferior part of the 
anterosuperior lobe give a characteristic zone 
of “suspended dulness” between two sono- 
rous zones. A careful percussion should 
always be able to determine on which side 
of the fissure lies the lesion, as it will be more 
sharply limited on the fissure side and shade 
off more on the other side. Roentgeno- 
graphic Findings: Fifteen observations are 
cited, of which eight are reproduced. Of 
the 15 cases, all on the left side, only 2 in- 
volved the lower lobe. Also, suprafissural 
localizations predominate. Frontally, in 
such cases, one sees in the lower part of the 
pulmonary field an opaque band, more or 
less dappled or striated,*its lower border 
somewhat curved, and convex below, its 
upper border less well defined, shading off, 
or merging progressively with the normal 
pulmonary transparency. This opaque band 
becomes confused internally with the left 
border of the cardiac shadow, which it seems 
to cross. Below and outside one sees a 
small clear triangle, corresponding. to the 
lower lateral part of the posteroinferior lobe, 
with its terminal truncal ramifications, 
limited below by the diaphragm and above 
by the opaque band. Teleoroentgenography 
helps to establish the position of the opacity 
anteriorly. Another method of differentia- 
tion is after performance of artificial pneu- 
mothorax. Either after the first insufflation 
or later the lobes separate; the lower pre- 
serves its expansion and transparency; the 
upper, more or less collapsed, shows in its 
lower portion an opaque block representing 
the suprafissural focus. The most frequent 
of all localizations is in the inferolateral part 
of the anterosuperior lobe. Subfissural foct 
show an opaque band cutting obliquely 
from top to bottom and from without in- 
wards. The stethoscopic signs indicate a 
posterolateral localization and a few in- 
sufflations into the pleura demonstrate the 
lesion in the lower lobe, which collapses 
incompletely, its superolateral portion re- 
maining opaque, like a piece of cake. In 
such cases artificial pneumothorax is not 
only of diagnostic but therapeutic value. 
Such is the picture of partial lobar tuber- 
culosis of the left lung—Le syndrome 
clinique et radiologique des foyers juxta- 
scissuraux gauches dans la tuberculose pul- 
moniare, E. Sergent and Toglescu, Rev. d. l. 
Tuberc., August, 1928, ix, 489.—(A. P.) 
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Dissemination of Haemoptyses in 
Lungs.—Cardis had previously noted that 
bilateralizations occurred almost exclusively 
in patients with positive sputum, the only 
exceptions being those without sputum but 
having had haemoptyses. These latter cases 
seemed to present a typical roentgenographic 
picture, a regular micronodular dissemina- 
tion of considerable density involving a 
rather large pulmonary field. This was 
thought to be attributable to direct endo- 
bronchial aspiration of the blood, but until 
recently proof was lacking in the absence of 
a picture prior to the haemoptysis. A case 
was, however, found: A young girl of 24, 
after slight prodromal symptoms extending 
over three months, had an “initial’’ 
haemoptysis. A month later a right sub- 
clavicular cavity showed in the film. Ten 
days later the patient spat blood abundantly 
and her temperature, which had been sub- 
febrile, rose on the second day to 38.8°C. 
and returned to normal in a week. At this 
time another roentgenograph showed the 
persistence of the cavity and the appearance 
of a regular micronodular dissemination in 
the lung field, especially around and below 
the cavity. Although suggestive of haema- 
togenous dissemination in the regularity and 
distribution of the foci, the picture also 
suggested the appearance familiar to 
phthisiologists after intratracheal’ injection 
of lipiodol. If there had occurred an ordi- 
nary progression of the disease the foci would 
scarcely have been uniform unless there had 
been a bronchial embolus of tuberculous 
masses, unlikely in the absence of expectora- 
tion; moreover, its evolution would have 
been different. The thermic curve is of 
considerable value. Initial pulmonary ac- 
tivity was signalized by a subfebrile dis- 
turbance and this activity probably provoked 
the haemoptysis by causing erosion of a 
vessel. Aspiration of blood inundated a 
number of alveoli and the organism defended 
itself by local exudation and fever. The 
favorable outcome in a short space of time 
clinches the argument. Confluence and 
softening of the micronodules have never 
been observed, progressive and rapid dis- 
appearance of the foci being the rule. This 
is easily understandable on the hypothesis of 
aspirated blood. When such a dissemina- 
tion occurs in the absence of haemoptysis 
there is a strong tendency toward caseation, 
with hectic undulating temperature, ending 
in death. Such a case, carrying a pneumo- 
thorax and a tuberculous empyema, is 
described. The analogy to finely dispersed 
lipiodol is close and reminds us that the 
quantity of the haemoptysis need not be 
great. Only 20 cc. of lipiodol are necessary 


to produce extensively disseminated lesions. 
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Another case in a young girl of 23, is cited, 
in which infracavity micronodules appeared 
on the second roentgenograph, doubtless due 
to direct aspiration of blood. Three points 
support this: /: The haemoptysis was fol- 
lowed by fever, rendering probable the in- 
stallation of the new foci determined. 2: 
The evolution of these foci was rapidly 
favorable, despite the aggravation of the 
purely tuberculous lesions causing the 
haemoptysis. This leads to the dictum that 
the prognosis of haemoptoic dissemination is 
good, and that of the mother lesion, let us 
say, mediocre. 3: The roentgenographic 
aspect of the new foci was what, following 
experience with lipiodol, we would term 
aerial aspiration. Up to the present two 
essentially different explanations have been 
given for the mottled appearance of the 
lung: foreign-body reaction (traumitis) of 
Bezangon and Braun, and granulie froide 
(cold miliary tubercle) of Burnand and 
Sayé. Such cases are not rare. On going 
over a series of roentgenographs such a micro- 
nodular appearance was frequently noted by 
Bernard and Cardis, and they were able 
often to relate it to a more or less abundant 
preceding haemoptysis, followed by a febrile 
evolution. In at least 30 out of 200 cases 
from the Popular Sanatorium such an ap- 
pearance and relation seemed quite definite. 
Three of these are cited. With such a 
mottled or stippled aspect one should think, 
in the absence of important tertiary lesions, 
of a haemoptoic dissemination. From the 
clinical viewpoint, such haemoptyses gen- 
erally occur in young persons in good general 
health. Although blood-spitting is often 
abundant, one cannot judge from this the 
amount aspirated. The temperature is 
normal or subfebrile prior to the haemopty- 
sis, rising shortly after its onset. High 
fever has never been observed to precede 
the bleeding. Endobronchial aspiration 
probably precedes the appearance of blood 
in the sputum and the fever is associated 
with defensive reactions. The evolution is 
generally favorable. The blood ordinarily 
contains few tubercle bacilli and is reacted 
to like any foreign body by a mobilization 
of leucocytes. The ultimate outcome is. 
determined by the number and virulence of 
the tubercle bacilli. Resorption probably 
occurs via the lymphatics. It is finally 
remarked that such haemoptoic seepage does. 
not certainly imply tuberculosis and that 
bronchiectasis may give rise to mistaken 
diagnoses. Physical examination is vari- 
able. Auscultatory sounds may be absent, 
or bronchial or pleurocortical. Practically, 
the diagnosis of haemoptoic dissemination 
is made when fever follows immediately 
afterward and coexists with such micro- 
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nodular lesions as described in the roentgen 
films.— Aspect radiologique micronodulaire 
de Vessaimage hémoptoique dans la phiisie, 
F. Cardis, Section d’études scientifiques de 
POeuvre de la Tuberculose, June 9, 1928, 
reported in Rev. d. l. Tuberc., August, 1928, 
ix, 604,—(A. P.) 


Action of Graphite Dust on Lung.— 
The author examined the workers in a pencil 
factory for pneumonokoniosis. The work- 
ers inhale either a mixture of carbon dust or 
graphite dust. A five-year contact with 
this work revealed in no cases a pneumo- 
nokoniosis, although the “snowstorm 
phenomenon” was observed in 9.1 per cent 
of those cases over 5 years in the industry 
and 1.6 per cent of all workers. Clinically 
bronchitis and emphysema were observed 
19 times. Among the tuberculous changes 
noted there were 2 with calcified primary 
complexes, 2 with cirrhotic and slightly 
inactive apical disease. Graphite dust, there- 
fore, does not act differently from pure coal 
dust. The presence of pneumonokoniosis 
with either one of these or both is a rare 
finding —Uber die Einwirkung von Kohlen- 
und Graphitstaub ohne Gesteinsbeimengung 
auf die Lunge, R. Hollmann, Zeitschr. f. 
Tuberk., 1928, lit, 394.—(H. J. C.) 


Lung Volume.—The respiratory ex- 
change in the lower branches of the bron- 
chial tree, the bronchioles and the alveoli 
is carried on both by diffusion and by 
respiratory movements. The efficiency of 
the latter is most important in abnormal 
pulmonary conditions. The vital capacity 
or the volume of air expired by a maximum 
expiration after a maximum inspiration, 
and the reserve air, or the volume of air 
expelled from the lungs between an average 
resting expiration and a maximum expira- 
tion, can be readily determined by a spirom- 
eter. The total lung volume, or the 
total capacity of the lungs at the end of a 
maximum inspiration, the residual air or 
the volume of air remaining in the lungs 
after a maximum expiration, and the func- 
tional residual air, or the amount of air 
which is in the lungs at the end of an average 
resting expiration, can be determined only 
by a complicated method such as that 
described by Van Slyke and Binger. The 
principle of this method and the means of 
making calculations for the various phases 
of respiration are described. The efficiency 
of pulmonary ventilation, and consequently 
the determination of dyspnoea, seems to rest 
upon the relationship between the residual 
air and the total lung capacity. This 
averages about 33 per cent in healthy adults. 
Tracings of respiratory movements for the 


normal and for cases of pleurisy with effusion 
and circulatory failure are given. Thoracic 
lesions which might interfere with pulmo- 
nary ventilation may be divided as follows: 
1: Those conditions which, though encroach- 
ing upon the total alveolar area of the lung, 
do not interfere with the expansile power of 
the uninvolved portions. Examples are 
hydrothorax, pneumothorax and localized 
tuberculosis. 2: Those conditions of the 
lungs or thorax which interfere either with 
the expansibility of the lung or the efficiency 
of the respiratory muscles. Examples are 
found in chronic passive congestion of the 
lungs due to circulatory failure, chronic 
emphysema, paroxysmal asthma, and paraly- 
sis of the intercostals or diaphragm, or severe 
pleuritic pain. Other conditions, such as 
acute lobar pneumonia, miliary tubercu- 
losis, diffuse bronchiolitis and massive lung 
collapse, cannot be included in either cate- 
gory. In pleurisy with effusion, though the 
vital capacity may be markedly reduced, the 
ratio between the tctal lung capacity and the 
residual air remains within normal limits, 
and there is no dyspnoea on ordinary exer- 
tion. In circulatory failure there is found a 
more or less direct relationship between the 
severity of the pulmonary symptoms and the 
reduction of vital capacity. Also, the 
residual air is relatively and absolutely in- 
creased, and decreased, in direct proportion 
to the respiratory symptoms, and may 
amount to more than 50 per cent of the 
total lung capacity. Not unusually the 
reserve air completely disappears. The 
same conditions hold true for pulmonary 
emphysema. In considering the cause of 
dyspnoea in any individual case a number of 
intimately connected factors may contribute 
toward the result and none should be over- 
emphasized. Sufficient attention has not 
been given to variations in the relative 
conditions existing in lung ventilation.— 
Lung Volume and Its Variations, J. C. 
Meakins and R. V. Christie, Ann. Int. 
Med., November, 1929, iti, 423.—(R. M. F.) 


Distribution of Vitamine D.—Vitamine 
D is much the most limited in distribution of 
all the known vitamines. Codliver oil, other 
fat oils, notably from puffer-fish liver, goose- 
fish liver, shark liver and haddock liver, the 
body oils of certain samples of herring and 
sardines, salmon body fat, egg yolk, and 
butter fat to a slight extent, are practically 
the only naturally occurring sources so far 
discovered. Vegetable foods, even the green 
vegetables so rich in vitamine A, are ordinarily 
lacking in D.—Distribution of Vitamine D: 
Cod Liver Oil, K. Blunt and R. Cowan, 
J. Am. M. Ass., October 19, 1929, xciit, 
1219.—(G. L. L.) 
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Vitamine D in Adults.—Experiments 
seem to indicate that short-time withdrawal 
of vitamine D or its addition in moderate 
amount has no measurable effect on the 
calcium and phosphorus metabolism of the 
adult, but that addition of large amounts of 
it may possibly do harm. Abnormalities of 
the parathyroid have been shown to bring 
about high blood calcium and high excretion 
of calcium, leading to continued negative 
calcium balance. Codliver oil probably 
exerts its effect on calcium metabolism by 
stimulating the parathyroid tissue to in- 
creased activity, more parathyroid hormone 
being produced. It is not surprising, in view 
of this relationship between the effect of 
codliver oil and parathyroid hormone, that 
growing animals and adults should react 
differently because of the great differences 
in the calcium equilibrium in their bodies. 
The young, with their constant need of 
calcium for bone growth, can dispose of the 
element as fast as they get it, so that stimu- 
lating the parathyroid and so increasing the 
calcium of the blood means increased reten- 
tion. Adults, on the other hand, have only a 
smaller, steadier need for calcium, so a tem- 
porary increase in the blood means decreased 
retention and actual loss—Do Adults Need 
Vitamine D?, K. Blunt and R. Cowan, J. 
Am. M. Ass., October 12, 1929, xciti, 1141.— 
(G. L. L.) 


Influence of Diaphragm on Oesopha- 
gus.—Two types of contraction can be ob- 
served by digital examination of the cardia, 
namely, a circular, constricting contraction, 
and a downward, milking contraction. 
Fluoroscopic examination of the course of 
barium in the stomach reveals an obstruc- 
tion in the region of the cardia coincident 
with each inspiration and a relaxation with 
release of the obstruction with each expira- 
tion. |The obstruction noticed fluoro- 
scopically may correspond to a single phase 
of the downward contraction and is, no 
doubt, identical with the pinch-cock con- 
traction described by Jackson. Belching is 
accomplished by the coérdinate contraction 
of the abdomen, the stomach and the costal 
end of the diaphragm, with the relaxation 
of the vertebral end. Spasm of the diaphrag- 
matic pillars with obstruction and dilatation 
of the oesophagus may be relieved by deep 
inspirations and expirations. So called 
cardiospasm may be an exaggeration of the 
normal contractions of the diaphragmatic 
pillars. A persistent spasm of these bundles 
will, no doubt, cause a chronic obstruction 
at the cardia—Injfluence of the Diaphragm 
on the Esophagus and on the Stomach, M. 
Joannides, Arch. Int. Med., December, 1929, 
shiv, 856—(W. I. W.) 
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Lymphatie Absorption of Particulate 
Matter.—These experiments on absorption 
through the normal and the paralyzed 
diaphragm confirm the observations made by 
Higgins and Graham that five main channels 
carry the particulate matter from the peri- 
toneum upward through the thorax and into 
the blood-stream. These five routes and 
their functions are as follows: The first, the 
sternal route, which is much the most 
important, is that by which at least 80 per 
cent of the particulate material is carried. 
The second, the pulmonary route, is repre- 
sented by a small vessel that empties its 
lymph into the nodes at the hilum of the 
lung and by a vessel that is parallel to the 
phrenic artery and nerve, and carries its 
lymph to a node in the anterior mediastinum. 
The third route is through the thoracic duct, 
which receives as tributaries small vessels 
that pass over the dorsal portion of the 
diaphragm and enter it in various positions 
along its course. The two remaining routes, 
the fourth and fifth, are represented first by 
vessels that pass over the dorsal surface of 
the diaphragm, pierce it, and empty their 
lymph into the lymph nodes in the region of 
the kidney, and, second, by small vessels 
which also pass over the vault of the 
diaphragm to a point anterior to the aortic 
opening where they pierce the diaphragm 
and pass downward into the splenic mesen- 
tery and pour their contents into the 
lymphatic node in the region of the pancreas. 
All of the nodes which receive the tributaries 
are in turn connected by vessels with the 
receptaculum chyli. The experiments also 
have demonstrated the presence of a de- 
scending thoracic vessel which passes down- 
ward over the posterior wall of the thorax, 
sometimes receiving tributaries from the 
vessels of the posterior portion of the dia- 
phragm and communicating with the lymph 
nodes in the region of the kidney. The 
particulate matter seems to be taken up 
diffusely on the under surface of the dia- 
phragm. It passes between the mesothelial 
cells of the peritoneum into tiny lymphatic 
vessels and thence is carried between the 
muscle bundles until it is deposited within 
the subpleural plexus of lymphatic vessels. 
This transfer from the peritoneal surface to 
the pleural surface is rapid; it requires only 
from three to five minutes in normal muscle 
and from ten to twelve minutes in paralyzed 
muscle. The penetration of the particulate 
matter into the blood-stream is effected 
within a period of from thirty minutes to one 
and a half hours. The lymph taken from 
the lymphatic vessels on the surface of the 
diaphragm is mainly found in a free state, 
although a few phagocytic cells also contain 
some of it. The material taken from lymph 
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nodes is found mainly to be enclosed in 
phagocytic cells, although a slight amount is 
still free. That which comes later through 
the thoracic duct is mostly enclosed within 
the phagocytic cells, but some particles are 
still in a free state. When obtained from 
the blood, it is both in free state and enclosed 
in phagocytic cells. It is probable that the 
monocytes take up the free material very 
quickly after it has been passed into the 
blood stream. There is no question that 
normal muscular contraction of the dia- 
phragm contributes much to the passage of 
the particulate matter through the dia- 
phragm. Nevertheless, the difference in 
size of the lymphatics on the two leaves of 
the diaphragm also is important. The 
lymphatics on the right side are much larger 
and carry a much larger proportion of the 
lymphatic flow than those on the left. Even 
after paralysis of the right half of the dia- 
phragm, the pattern discovered after the 
lapse of thirty minutes is more distinct on the 
paralyzed right side than on the normal left 
side. Absorption through the left half of the 
diaphragm, when that half is paralyzed, is 
insignificant. Often the vessels are but 
indistinctly outlined. It is apparent from 
the evidence obtained in the prolonged 
absorption experiments that the primary flow 
of particulate matter stops as soon as _ the 
lymph nodes become choked with graphite. 
It is assumed that the lymphatics of the 


diaphragm are concerned with absorption 
from the peritoneal space—Lymphatic Ab- 
sorption of Particulate Matter Through the 
Normal and the Paralyzed Diaphragm: An 
Experimental Study, W.S. Lemon, Am.J.M. 
Sc., October, 1929, cluxviit, 536 —(W. I. W.) 


Artificial Respiration.—A new method 
for artificial respiration which makes use of 
an intratracheal catheter is described. It 
differs from the Meltzer method in that the 
lungs are expanded every four seconds by 
air under pressure, then allowed to collapse 
and remain collapsed for three seconds. 
The alveolar air is changed, as in natural 
respiration, by movement of the lungs. 
During the stage of collapse, the flow of air 
through the catheter continues, under very 
low pressure, but not sufficient to expand 
the lungs. This method of artificial respira- 
tion has been used successfully in animals. 
Clinically, it has been used in two cases.— 
An Intratracheal Method for Prolonged 
Artificial Respiration, L. Brahdy and M. B. 
Brahdy, Am. J. M. Sc., September, 1929, 
clxxviti, 405.—(W. I. W.) 


Urochromogen.—As_ urochrome_ the 
authors consider the oxydation products of 
urochromogen. The material considered as 
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urochrome is prepared by adding a small 
amount of sodium perborate, Merck, dissolved 
in concentrated, ammonia-free suphuric acid. 
After cooling, this is added to 2 cc. of cool urine 
(50°C. cannot be exceeded). Shaking out 
with 3 cc. of ether results in a yellow 
color being taken over by the ether, which 
is the dissolved urochrome. The pure uro- 
chrome separates as needles, which are soluble 
in ether, alcohol and petroleum ether, as 
well as in mineral and organic acids, and 
are only slightly soluble in water. If the 
ether solution of urochrome is treated with 
10 parts of ammonia it changes to a brown 
color, which the authors leave open as 
to whether it is the ammonium salt of uro- 
chrome or a uromelanin, although the 
latter idea is preferred. A method is de- 
scribed in which the urochrome can be 
determined quantitatively in the Autenrieth 
colorimeter. Urochrome, like uromelanin, 
has an aromatic nucleus with a sulphur 
component in the molecule.—Uber das Uro- 
chromogen. II. Herstellung und quantitative 
Bestimmung, E. Schuntermann and F. K. 
Hoffmann, Beiir. z. Klin. d. Tuberk., 1928, 
lxix, 438.—( H. J.C.) 


Role of Calcium in Tuberculosis.— 
Calcium is normally present in the blood and 
tissue fluids in the amount of approximately 
0.01 per cent (10 mgm. per 100 cc.). Our 
knowledge of calcium metabolism is incom- 
plete for it is largely founded on blood or 
urinary estimations. Yet such large quan- 
tities of calcium may be voided by the 
intestinal route as entirely to vitiate con- 
ceptions based on a more limited method of 
investigation. The diet of an ordinary in- 
dividual should contain about 0.5 gm. per 
diem. For treatment (tuberculosis) the daily 
intake should not be less than 1.0 gm. 
The commonest cause of lime insufficiency is 
inadequate absorption rather than inade- 
quate intake. It is probable that adequate 
absorption never takes place in the absence 
of a sufficiency of vitamin D, contained in 
codliver oil, or produced by the action of 
ultraviolet rays, either from the sun or from 
an artificial source upon minute quantities of 
ergosterol present in the skin. Hence, in 
the administration of calcium, one or other 
of these activators of calcium metabolism 
should simultaneously be employed. Yet 
the vital issue really is how much calcium is 
retained in the tissues to be available for 
bone-building, blood coagulation, resistance 
to infection, and other somatic require- 
ments. This is dependent upon internal 
secretions and the acid-base balance of the 
body. Excessive calcium is eliminated if 
this balance is deviated much either to the 
acid or the alkaline side; hence the impor- 
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tance of a properly balanced dietary. 
Augmented activity of the thyroid and 
suprarenal medulla causes increase in excre- 
tion of calcium, whereas extra activity of the 
thymus, the anterior portion of the pituitary, 
the islets of Langerhans in the pancreas and 
the suprarenal cortex all directly or in- 
directly favor calcium retention. The para- 
thyroids apparently have a particular and 
specific action on calcium metabolism, their 
main function being that of regulators. 
Calcium has long been used in France in the 
treatment of tuberculosis but much less so 
in England. If we classify tuberculosis as 
either of the “hard lung” (fibrocalcareous) 

r “soft lung” (exudative) type, biochemi- 
cally the first group connotes a normal or 
deficient calcium urinary and faecal excre- 
tion, and the latter a calcium excess excre- 
tion. The fibrocalcareous cases do not need 
control or treatment by calcium unless their 
resistance becomes impaired, and then benefit 
by the exhibition of calcium alone. The 
exudative cases badly need calcium in com- 
bination with parathyroid and vitamin D. 
Useful forms of calcium for administration 
are tricaline, calcium gluconate, Kalzana 
and colloidal calcium, which give better 
results than the lactate. A convenient 
method of giving calcium chloride is in 10 
grain doses in a mixture combined with 10 
minim doses of phosphoric acid. Para- 
thoromone is the only active parathyroid 
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preparation available for parenteral adminis- 
tration. The potency of most oral prepara- 
tions is doubtiul—The Réle of Calcium in 
the Prevention and Treatment of Tuberculosis, 
J. F. H. Dally, Brit. J. Tuber., April, 1929, 
xxiit, 70.—(J. S. W.) 


Basal Metabolism and Specific Dy- 
namic Protein Action in Tuberculosis.— 
In 61 cases of predominantly fibrous type 
the authors could find no relation between 
the basal metabolism and the activitity of 
the pulmonary process, and pulmonary 
collapse was without effect. It is, however, 
believed that the tuberculous infection is 
the main cause of an increased metabolism 
even though this is of no value in diagnosis or 
therapeusis. In testing the specific dynamic 
egg-white action the authors found sub- 
normal, normal and increased values, the 
latter most frequent up to 70 per cent. A 
relation between the basal metabolism and 
specific dynamic protein effect was not deter- 
minable. Activity and the height of a 
specific protein effect did not parallel each 
other. It is believed by the authors that 
in certain cases a limitation of the protein 
diet is important in pulmonary conditions.— 
Gasstoffwechseluntersuchungen bet Tuber- 
kulisen mit besonderer Berticksichtigung der 
spezifisch-dynamischen Eiweisswirkung, F. 
Salus and H. Adler, Beitr. z Klin. d. 
Tuberk., 1928, 733.—(H. J. C.) 
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